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RVING TOMORROW'S TAX 


From the Atlentic to the Pacific WET District Offices assure every customer prompt, efficient service in time of need 


THE CHLORINATION DOLLAR 
MUST BUY...ASSURED SERVICE BY 


OR tomorrow's need, today’s chlorination dollar must provide assured ser- 

vice. No matter where or when,W &T service is ready, quick and capable. 
All the way from a simple repair job to vital help in a national emergency, 
W &T service is the kind that impels supervising health and water works 
officials to say “Call on W&T.” They do— and W&T men everywhere 
instantly respond. 


», 


That's why W & T have the confidence and unqualified endorsement 
of the water works profession—and why W&T chlorinators are selected for 
the big jobs of chlorination. 

With W&T Visible Vacuum Chlorinators, repair jobs are seldom 
necessary. But with each installation goes W&T service — prompt, efficient, 
and ready for your call. Twenty-nine District Offices throughout the land 
stand ready to prove that each sale is an obligation —each installation 
onother opportunity to do our part in protecting the Public Health. 


Provide for tomorrow's need by selecting W &T Visible Vacuum 
today. 


NEWARK, NEW JERSEY BRANCHES IN PRINCIPAL CITIES 
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; he Association is not responsible, as a body, for the facts and opinions ‘ 
a a Swale in any of the papers or discussions published in its proceedings. 

uly Discussion of all papers is invited ton 
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(Assistant Chief Engineer State Department of Health, Harrisburg, Pa.) 


An appropriate text for a subject such as this may be found in 
AR Genesis in that thrilling account of the Deluge. In the Seventh 
Chapter, tenth verse is this terse statement: “And it came to pass 
after seven days the waters of the flood were upon the earth.” No 
doubt Noah had his water supply troubles in the ark, but at least his 
establishment was mobile and rode the crest, instead of being placed 
along a stream which engulfed it in the raging waters, some of the 
results of which it is the purpose of this Symposium to set forth. 

This first flood set an all-time record which, fortunately for the 
human race, has never been equalled. As Pennsylvanians we are 
not averse to seeking records, but in the matter of floods we hope 
that the one attained during March, 1936 will be for all time; we do 
not covet supremacy of that sort. There were two floods in fact— 
the Ice Flood of late February, reaching its peak about March 13-14, 
and followed by the Big Flood of St. Patrick’s Day. Since the Ice 
Flood had little serious effect upon public waterworks in Pennsylva- 
nia—Parkers Landing and a few other communities being the excep- 
tion—this paper will be devoted to a discussion of the Second or St. 
Patrick’s Day flood, so-called because of its relation in time to 
March 17. 
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In passing, mention should be made that had not the tremendous 
burden of ice, between 22 and 36 inches thick, with which the main 
rivers were locked, largely passed downstream on the crest of the 
earlier flood, the combined effect of heavy ice and the excessive ryp. 
off of the second flood probably would have increased the disastroys 
results of the St. Patrick’s Day Hood, which, were - ‘the 
sufficiently appalling. 


CAUSE 


Sf Heavy snowfalls with accumulations of great depth of snow, 
frozen soil, excessive rain, with temperatures above freezing, all 
combined to produce a flood without precedent in Pennsylvania, 
The preceding events, climatologically speaking, are concisely and 
well set forth in the following Abstract from the March, 1936 Weather 
Bureau Report—Pennsylvania Section: 


‘‘March temperatures were mostly above the normal, with greates de- 
partures in the eastern half of the State. March has had higher averages 
for Pennsylvania seven times in the last 49 years, the warmest being in 193, 
with an excess of 8.7 degrees as compared with 4.9 degrees this year. The 
precipitation was the greatest of record for March. The snowfall was heavy 
in the northern tier of counties, and in all of the Ohio drainage area. It had 
been heavy during the first half of February, and, with low temperatures 
during the last half of the month, a large part of the snow cover remained 
on the ground at the beginning of March. The snow had melted within 
itself to a considerable extent, and its water content was large. This. was 
supplemented by from two to four inches of new snow in the greater portion 
of the State on March 2nd and 3rd. As a result the heavy rains and melting 
snows of the 11th and 12th caused serious floods in all of the streams of the 
State, in some places exceeding all previous gage records. These flood waters 
had only partly subsided, leaving some snow cover on the upper watersheds, 
with considerable frost in the ground, when excessive rains of the 17th to 19th, 
inclusive, brought the streams to much higher stages than occurred with the 
first rise. At nearly all river stations the gage readings were the highest 
of record, and at most places in the Susquehanna and Ohio drainage area 


they exceeded the high water marks of all time.” 


18 

A glance at the river system of Pennsylvania will indicate how well 
set we were to realize to the full the effect of the vast volumes of 
water racing down to the sea. Along the eastern border flows the 
Delaware River with a watershed above Philadelphia of 10,002 square 
miles. Next lies two-thirds of 
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catchment area above Harrisburg of almost 25,000 square miles. 
West of the mountains lies the gathering ground of the Ohio River, coe 
reaching into New York with its right branch, the Allegheny, and 
south into West Virginia with the Monongahela. Below the junction, 
the Ohio sweeps on into Ohio State, augmented by the Beaver coming 


from the north. At Pittsburgh the Ohio has an upstream watershed i 4 


of 19,106 square miles. Combined, these three major streams havea 


watershed area above Philadelphia, Harrisburg and Pittsburgh, re- 


spectively, of 53,200 square miles. 

What a gathering ground for the waters which, rushing madly 
through this populous State, created such wide-spread devastation. 
And what a tremendous volume of water they carried. The dis- 
charge figures are staggering. At maximum gage height the Dela- 
ware at Trenton had a discharge of 228,000 c.f.s.; the Susquehanna, 
740,000; the Ohio at Sewickley, below Pittsburgh, 574,000. One 
cannot grasp the magnitude of such figures, but a statement from 
the Pennsylvania Department of Forests and Waters gives an inkling 
of what this means: 


“Seven hundred and seventy-five thousand cubic feet of water per hour was 
passing Harrisburg at the highest stage of the Susquehanna River during the 
recent March flood, the Department of Forests and Waters and the U. S. Geo- 
logical Survey announced today. This stage was reached March 19, and the 
record high flow was maintained for three hours, calculations show. 

“During this brief period sufficient water was flowing to fill the Common- 


- wealth’s huge Pymatuning reservoir in Crawford County, which is 25.7 square 


aig Its water capacity is 64,275,000,000 gallons.”’ 


_ Governor George H. Earle of Pennsylvania gave an accurate 
picture of the situation in his speech to the Red Cross in Chicago in 
May. In part he said: 


“On March 17, flood waters roared through the city of Johnstown. At the 
same hour they were flooding the lowland areas of Wilkes-Barre, the heart of 
Pennsylvania’s great anthracite region. Before the next morning they were 
striking at Pittsburgh’s Golden Triangle, the center of business life in our 
second largest metropolis. 

“By evening of the following day a hundred Pennsylvania communities, in 
eighteen of Pennsylvania’s sixty-seven counties, were stricken by flood. 
Those counties covered an area of 12,732 square miles, with a population of 
four million people. 

“The affected area was larger than the entire State of Maryland. It was 
substantially larger than Massachusetts. It was larger by 4000 square miles 


he health rear. 
Greumstance undoubtedly the health reeard, 


west finding its origin on the eastern slopes of the Alleghenies, witha 
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than the combined areas of Connecticut, Delaware, Rhode Island and the 
District of Columbia. 

“Our most authentic reports show that seventy-two persons were killed and 
2822 injured; 50,739 left homeless. There were 1078 homes and 1776 other 
buildings totally destroyed, 42,996 homes and 37,185 other buildings badly 
damaged. A total of 61,996 persons lost furniture and household goods, At 
the height of the floods our various disaster relief agencies were housing 
89,620 persons, and feeding 159,893.” itil }A 


As stated above, new flood height records were reached at most of 
the gaging stations. In table 1 data are shown as to flood heights at 
certain key stations in the Susquehanna and Ohio basins. The Dela- 


TABLE 1 
Some maximum gage heights in Susquehanna and Ohio River Basins 
8 
TIME 
eet 
West Branch | Williamsport /|33.57| 18 9p.m. |32.4/1.17+ 
North Branch} Wilkes-Barre |33.07| 20 2a.m. 
Susquehanna | Sunbury 26.85) 19 2p.m. /22.5/4.35+ 
Juniata Newport 34.24) 19 7a.m. (|35.9)1.66- 
Susquehanna | Harrisburg 30.33) 19 6 p.m. |26.8/8.538+ 
Stony Creek | Johnstown 30.26} 18 | 12:30 a.m./28.3/1.96+ 
Ohio Ohio Pittsburgh (46.0 18 9p.m. |39.9/6.1+ 
{} Ohio Sewickley 34.75, 18 | 10 p.m. |28.0/6.75+ 


ware River is omitted since its flood effect on public waterworks was 
These show by comparison the maximum gage heights 


negligible. 
previously recorded. 


LOCATION 


Delaware River Basin 


OF PUBLIC WATER WORKS 


It will be noted that at only two places, Wilkes- 
Barre and Newport, were former heights not topped. _ 4 
A 


While high water occurred in the Delaware River Basin, its effect 


on public waterwo 


rks in that area was light as compared with the 
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Susquehanna and Ohio Basins. On the Delaware itself only two 
waterworks were seriously disturbed. At Yardley, population 1300, 
the plant was shut down temporarily while at Morrisville, population 
5400, the filtration plant continued operation under difficulties. For- 
tunately no trouble occurred on the Schuylkill, a river which has 
always been dangerous during flood periods to the water filtration 
plants along its banks. These plants comprise three in Philadelphia 
and five others i ina 25 miles stretch above ‘the city, and serve | 1 160, 200 


Susquehanna Basin 

The plants on the Susquehanna did not fare so well. However, in 
relation to its size and area drained, this major river itself is little 
used for public supplies. The Pennsylvania-Maryland state line is 
15 miles above Chesapeake Bay, and from here upstream to Harris- 
burg, inclusive, a stretch of 55 miles, the river is used by only five 
communities, comprising two power developments, population 525, 
Columbia and Steelton boroughs, population 25,000, and City of 
Harrisburg, 80,000 population. 

Thence upstream no use is made of the main river for 55 miles 
where, at Sunbury, it is an auxiliary supply, and, although the river 
station was flooded, a continuous supply was furnished the town from 
a tributary stream, the regular source. Between Sunbury and 
Wilkes-Barre—60 miles—three places use the river—Danville, 7,100 
population; Danville State Hospital, 1,900 population; and Berwick, 
12,600 population. From here to the New York line—75 miles— 
Sayre, 7,900 population, is the only place drawing from the river. 

The use of the North Branch is even less. The little town of 
Lumber City, 265 population, and Muncy, 2,400 population, for an 
emergency supply, comprise this list. Newport, 1,900 population, 
alone uses the Juniata River, and this as an auxiliary supply. 

In addition to the main river plants, quite a number of waterworks 
on tributary streams were rendered inoperative or were seriously 
interfered with. Nevertheless, a bright side of the picture is the fact 
that in several of the largest population centers of this basin upland 
supplies, unaffected by the raging torrents in the valleys, continued 
an ample supply of water of good quality to their stricken commu- 
nities on the lower levels. Altoona, 82,000 population, Williamsport, 
46,000 population, and the Wilkes-Barre-Scranton District, 700,000 
population, are notable examples of this situation. A ener 
circumstance undoubtedly affecting the health record. oe 
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If the Johnstown District, 80,000 population, in the Ohio River 
Basin, which suffered terrible loss, had any alleviating factor in ap 
otherwise drab situation, it was the continued service of ample water 
of safe quality from the storage reservoirs in the mountains high 
above the valley torrents. 

vie 
Ohio River Basin adi pen alq 


But when we consider the Ohio and its tributaries, ~ different 


picture emerges. In this area, more than in any other part of Penn- 
sylvania, greater use is made of the valley streams; the main river 
and its principal branches and their important tributaries. The 
Allegheny, for 35 miles above Pittsburgh, to Kittanning, the Monon- 
gahela from Pittsburgh to the West Virginia line 60 miles south, the 
Youghiogheny as far upstream as Connellsville, the Beaver and the 
Shenango all the way north to Sharon and the Ohio itself below 
Pittsburgh—direct at Midland and through wells and cribs other- 
wise—constitute a vast reservoir drawn upon to supply this princi- 
pality, with its teeming millions, occupying the southwestern corner 
of Pennsylvania. It is obvious that disturbance of waterworks in 
this area would affect more consumers than in any other part of the 
Commonwealth except Philadelphia and proportionately increase the 
health hazard. 

The far-reaching effect may be appreciated when it is remembered 
that of a total of 106 waterworks in Pennsylvania, affected by the St. 
Patrick’s Day flood, 66 are in the Ohio River Basin, including that 
of the City of Pittsburgh which alone serves 600,000 consumers. 
These 66 waterworks in the aggregate supply 1,567,190. What a 
chance for typhoid-laden water to wreak appalling damage. Fortu- 
nately, it did not. 


Did time permit it would be possible to relate 100 ‘stories - of as 


many waterworks, to tell of the rise of the streams rapidly approach- 
ing the danger line; of the frequently revised forecasts of higher flood 
heights which took away finally the lingering hope that one’s plant 
might escape; the efforts made to build up reserve storage to carry 
over the period of shut-down; the erection of emergency barriers to 
exclude the flood waters from the plants to the last possible moment; 


precautionary measures for the protection of machinery; warning to 
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consumers; and the final withdrawal after all efforts failed, leaving the 
plant to the mercy of the inundating waters. 

Then followed a varying period of inaction as to actual operation, 
but by no means one of inactivity, for plans must be laid for resump- 
tion of service at the earliest possible moment, accomplished only 
after exhausting efforts and sleepless hours; and, finally, the seem- 
ingly impossible attained and water—safe water—again flowing into 
homes where its use was so greatly needed and of whose value the 
user now had a better conception because of its scarcity during the 
hours of flood. 

One thing most plants had in common—muck and silt—in basins, 
on filters, plastered on walls and spread on floors, in machinery and 
over apparatus. Coal was washed away or into the plant; piping 
was disarranged and intricate equipment either destroyed or badly 


wt vi Part of plant affected 

PART AFFECTED 


crippled. Out in the system mains were broken, valves damaged, 
hydrants upset and service pipes snapped off, causing heavy leakage 
until corrected. At stream crossings pipe lines were swept away or 
broken by bridge failure. At some plants electric current failed, 
necessitating complete shut-down. 

Yet despite these almost impossible handicaps, service of some sort, 
greatly curtailed perhaps, was maintained in nearly every part of 
Pennsylvania and, after the flood waters subsided, regular service 
was resumed in remarkably short order. A notable achievement. 

Approximately 100 public waterworks—106 to be exact—were 
affected by this flood. These waterworks serve 1,909,870 consumers. 
Pumps were the worst sufferers—61 plants. Thirty-five plants had 
chlorination apparatus disturbed. Filters in 13 plants were flooded 
and 23 had flood water in the clear well, while chemical feed apparatus 
was affected at 13 am oe of course, had all these — 
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_ happen, while others had one or more of them. Of the 106 affected, 
72 were obliged to discontinue operation and 34 continued in Service, 
_haltingly perhaps, but still alive. Meanwhile, consumers were 
_ supplied from storage, adjoining systems, and by tank trucks—any 
practical way to maintain at least partial service. These data are 


summarized in table 2 rots noteredaagaae 


sidizan jc 


HEALTH MEASURES 

Intimately related to the story of Pasinevinnade’s Public Water 
Supplies is that of the Department of Health in its effort to protect 
the public health. Too long to be told here and deserving of separate 
narration, it should be noted that before the Ice Flood the Bureay of 
Engineering prepared a plan approved by Dr. Edith MacBride- 
Dexter, Secretary of Health, for protection of public and private 
water supplies menaced by floods. District Engineers kept close 
check on plants menaced by floods in the past, notifying such water- 
works to be prepared for eventualities; the engineers were ready to 
assist any plants in difficulty; Department and municipal health 
authorities were advised as to procedure for safeguarding flooded 
private supplies and as to sanitation measures in flooded areas; 
arrangements were made for securing immediate information as to 
ice jams and river stages and its transmittal to interested persons; 
motorized water tanks were arranged for to haul water into affected 
district; and the Department’s motorized laboratories were made 
ready for instant service if needed. Works Progress Administration 
promised to furnish labor for clean-up. 

This furnished the nucleus of a plan greatly enlarged when the 
St. Patrick’s Day flood occurred. The Bureau’s field force was 
greatly augmented, reaching a total of 280, comprising engineers, 
chemists, bacteriologists, flood survey workers, stenographers, clerks 
and health officers, stationed at Harrisburg and at strategic points 
throughout the flood districts. Through the coéperation of the U.8. 
Public Health Service, ten engineers were made immediately available 
and were of invaluable assistance. Three motorized laboratories 
were stationed at Wilkes-Barre, Johnstown and Greensburg respec- 
tively, and examined about 10,000 samples of public and private 
supplies; with another 2,000 in our Philadelphia Laboratory, the 
equivalent of a year’s normal sampling. 

The public was warned by radio, newspapers, placards and by word 


of the of using water, and advised 
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measures. ‘Tanks were sent into sections without water, filled with 
supplies secured from safe sources. Our engineers inspected plants 
and conferred with waterworks officials as to means of meeting the 
innumerable contingencies arising. Sanitation measures in clean-up 
problems, involving thousands of persons, had to be devised and 
exeeuted. Tons of lime and chloride of lime were distributed in the 
_ And so one might, like the famed brook, go on and on in a recital 
of the battle waged ceaselessly for days in the interest of the health 
and welfare of Pennsylvania’s citizens, but neither time nor your 
patience will permit. Just a word as to results from the standpoint 
of disease. An abstract from a statement made May 12, 1936 by 
Dr. J. Moore Campbell, Director, Bureau of Health Conservation, 
Pennsylvania Department of Health, well sets forth the situation: 


“Complying with your request of the other day for information concerning 
intestinal infections or others resultant from our mid-March flood experience, 
it is a matter of considerable satisfaction to be able to say that these have been 
far fewer than we probably had any right to really expect and are, indeed, 
essentially negligible. 

“Tn view of the large areas inundated and the populations, urban as well as 
rural, involved it is a little short of miraculous, perhaps, that we have had 
only four cases of typhoid fever which can be definitely related to flood-borne 
infection. All of these have been reported from the City of Pittsburgh. 
Neither was there at any time any occurrence of diarrheal disease in any inun- 
dated district. Upper respiratory infections were reported in some numbers 
from Wilkes-Barre and neighborhood and also from Johnstown but there was 
no unusual prevalence of pneumonias. Meningitis, which might also have 
been expected, especially among refugees temporarily quartered and no doubt 
crowded as at Johnstown, Wilkes-Barre and those from Sunbury at Shamokin, 
did not make its appearance. On the whole, therefore, the absence of epidemic 
illness has been one of the striking features of the disaster. 

“A satisfactory explanation of our escape may not be altogethereasy. Itso 
happened that with respect to many of the good-sized towns and cities the 
floods found water works on heights beyond reach, so that safe water supplies 
were continuous. In some where reservoirs at least were beyond flood waters 
forethought on the part of our Engineering Bureau and water works operators, 
even as early as the breaking up of ice and the formation of gorges were fore- 
seen, had prompted the storage of maximum supplies. These, in some in- 
stances, were sufficient to tide over the community until filter beds, pumping 
stations, etc., could be cleansed and repaired. The hauling of safe water in 

motor tanks when it could not otherwise be provided was also a factor. So, 
too, no doubt was a relatively rapid clean-up of débris and muck made possible 
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through the availability of W. P. A. labor, duration of exposure to possibly 
contaminated river and creek deposits being thus reduced to ini um 


LESSONS LEARNED 


by 


_ Some conclusions may be drawn from this experience; outstanding 
perhaps was the incalculable value of ample storage. This was the 
salvation of many communities. When the production end of the 
waterworks was shut down citizens were supplied with water from 
that in storage both for domestic purposes and for the tremendous 
task following of sanitary clean-up. 

Upland supplies need no argument to convince of their desirability, 
At any time they are usually of better quality than the water in the 
valley streams. In this time of flood communities which had upland 
supplies were indeed fortunate in that their service was practically 
uninterrupted. Consideration might well be given to the possibility 
of substituting an upland supply for one taken from a valley stream. 

If there was ever any doubt as to the value of chlorine in connection 
with public water supplies, that doubt is effectively removed by the 
part chlorine played in this flood. In many instances it was the only 
barrier between an unsafe water supply, which had to be used, and 
the health of the consumer. Its generous use throughout the flooded 
district unquestionably had a bearing upon the safety of water served 
to the public. Consumers drank water carrying a higher residual 
chlorine than ever before and much higher than is necessary in actual 
practice, but generally they did not complain and I think in most 
instances the knowledge that chlorine was in the water was com- 
forting. 

Failure of electric current raises the question as to the expediency 
of having standby units independent of electric motive power. The 
steam-driven plants probably were restored to service with less 
trouble than plants electrically equipped where motors were flooded, 

Failure of pipe lines at stream crossings showed the need for 
auxiliary mains. It also developed that -the waterworks officials 
should keep check on the availability of such stream crossings. 
Several instances occurred where alternate lines were in place but 
their serviceability had not been checked and when test came they 
could not be used. Pipe lines at stream crossings should be properly 
valved so that the flow can be easily and quickly controlled should a 


break occur. At one such crossing much stored water would have 
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been saved had there been a valve on the line where it passed under 
the stream. Valving of the distribution system should be studied 
with a view to providing facilities for easily controlling the distribu- 
tion of water. In some cases the pipe line men were hampered con- 
siderably because of the lack of sufficient valves. 

Thought might be given to the erection of facilities for placing 
barriers at doors and windows at the river plants which, upon occa- 
sion, could be quickly put into service and would be much more 
effective then the emergency make-shift measures adopted to exclude 
flood water. 

Of course, outweighing all of these features is the broader subject of 
flood control, in which every waterworks man naturally is interested, 
and to which movement he should lend his influence and efforts in 
order that some practicable means of flood control may be devised 
and put into effect in an effort to prevent a repetition of such dis- 
astrous floods. 

pales CONCLUSION 

In closing permit me to pay tribute to the zeal and devotion to duty 

of the waterworks personnel. It was inspiring to witness from per- 
sonal observation the unselfish efforts of all, from the highest to the 
most lowly, to meet this desperate emergency. It meant hours of 
unremitting toil under the most trying and adverse conditions when 
men’s nerves were frayed and bodies exhausted. Despite all this 
they kept on and thereby enrolled themselves in that great battalion 
of unsung heroes, of whom the public knows little and to whom 
usually the only recompense is the personal knowledge of a task well 
done. 

(Presented before the Central States Section meeting, August 20, 1936.) 
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THE 1936 FLOOD AND WEST VIRGINIA PUBLIC WATER 
SUPPLIES 
(Director, Division of Sanitary Engineering, State Department of 
Health, Charleston, W. Va.) 


On March 18, 19 and 20, 1936, a flood in the upper Ohio River, 
exceeding all previous records, carried out the predictions which the 
late Morris Knowles made some ten years ago when, as a leader in 
the Pittsburgh flood control program, he urged action after compre- 
hensive rainfall and watershed studies had been completed. At that 
time he said: 


“Pittsburgh’s flood of March 15, 1907, will dwindle into insignificance in 
height, extent, devastation and damage when an Ohio rainfall of an intensity 
such as caused the Miami flood travels across the watersheds of the Monongs- 
hela and Allegheny Rivers. This may be anticipated and when it happens 
we will have a flood in Pittsburgh of at least 45 feet. The entire business sec- 
tion will be flooded up to Smithfield Street and all trade and transportation 
will be at a standstill. When this happens the damage, not only because of 
higher waters, but also because of the greater development of the territory, 
will be far beyond anything yet experienced or even approached.” 


Almost thirty years later Mr. Knowles prophesy came true and 
this flood swept down two rivers, the Potomac and the Ohio in West 
Virginia. It will not be possible in this brief paper to outline chrono- 
logically what happened in each community from the standpoint of 
water supply as the flood waters swept through it. A brief summary 
will be set forth, which shows the location of the city on the respective 
watershed, the source of the public water supply, the purification 
equipment available, and also the emergency steps taken to safe- 
guard the drinking water supply. 


deep 
INTERSTATE AND FEDERAL RELATIONSHIP 


In this flood of unprecedented proportions it is interesting to note 
how the interstate and federal relationships worked out to keep drink- 
ing water safe when sudden emergencies arose. 

_ At Williamstown, a short distance above Parkersburg, Marietta, 
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M 
t Public water supplies affected by flood—Ohio River territory 


DISTANCE 
races SOURCE OF SUPPLY AND PROTECTION MEASURES 
MILES 
Chester 43 Deep shy Pow chlorina-| Heavy hypo dosage 
continued until per- 
4 installed 
Newell 45 Well and crib in Ohio. | Raised rate of chlo- 
Chlorination rination 
New Cumberland 57 Springs and well on | Heavy chlorination 
high ground—not after mains washed 
flooded. Chlorination| away draining reser- 
mot ane voir 
Weirton 62 Ohio River—Filtration | Chlorination increased, 
plant after wall around 
clear well barricaded 
to keep out flood 
waters 
Follansbee | 71 | Deep wells—no chlo- | None rare 
Wellsburg any 65 Deep wells. Water | Very high chlorination 
tolaw softening plant, fil- causing strong taste 
deren! ters and chlorination after plant and 
mains flooded 
Wheeling 90 | Ohio River—20 m.g.d. | Chlorination at 5 times 
eur Filtration plant normal rate. Filtra- 
EMO tion plant operated 
biti to capacity during 
flood 
Moundsville 102 Deep wells—not flooded| Chlorination increased 
New Martinsville 128 Dug well—no protec- | Well flooded by river 
tion water. State emer- 
ad rovisl gency chlorinator in- 
teens Io te stalled 
Sistersville § | 137 Ohio River—Filtration | Raised chlorination. 
te plant Pump station flooded 
Paden Cay” Deep wells on high (None 
sige ground 
St.Marys | 155 Deep wells on high | None revit Beboaliy 
ground 
Williamstown 172 Marietta, Ohio, wells | Shift to well water. 


and river water filtra- 
tion and chlorination 


High chlorination of 
river water 
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TABLE 1—Concluded 


DISTANCE 
‘) Parkersburg 184 Wells along river bot- | Very high chlorination 
oqyd x tom. Chlorination. when well water be. 
Gite Flooded and system came muddy 
sosanizelds scion temporarily aban- 
doned, using filter; 
bs beds in Ohio River 
- Point Pleasant 265 Deep wells. No treat- | State emergency chlo- 
fae ment works rinator installed 
_  -Huntington 308 Ohio River filtration | Chlorination raised 
eae plant not affected 
Kenova 316 Big Sandy filtration | Chlorination raised 
plant at Catlettsburg, 
w Kentucky, not flooded 
Ceredo Heer B18 Big Sandy filtration | Chlorination raised 
4 plant at Catlettsburg, 
Kentucky, not flooded 


4 Ohio furnished a continuously safe water from Ohio into West 
’ Virginia. Farther down stream, Huntington, West Virginia, with 
= 7 a the filtration plant on high ground, furnished a safe water to Chesa- 
cj : peake, Ohio, across the river. State Health Department engineers 

_ kept one another informed on conditions. Still farther down the 
Ohio, Ceredo and Kenova, West Virginia, were furnished a safe 
water from Catlettsburg, Kentucky. Telephone communication 


river stage and residual chlorine in city water in the Kentucky city. 
At Ridgeley, West Virginia, on the Potomac River, an impounded 
water supply from Pennsylvania is piped to Cumberland, Maryland, 
and thence under the Potomac River to Ridgeley. ‘The Cumberland, 
_ Maryland, superintendent of filtration kept our department informed 
on water conditions and safe water came into Ridgeley at all times. 
Thus Ohio, Kentucky, Pennsylvania and Maryland state and city 
- authorities were a factor in holding city water supplies safe along the 
flooded river valleys. 


= 


‘The United States Public Health Service rendered a distinct and 
valuable service to West Virginia by sending three of their experienced 
sanitary engineers into the flood areas, H. R. Crohurst, E. C. Sullivan 
and F. J. Moss, after State Health Commissioner, Doctor A. E. 
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THE 1936 FLOOD ot 


McClue had accepted the kind offer of assistance from the Public 


Health Service. 


The State Health Department of North Carolina and also the City 
of Cleveland, through Frank O. Wallene, Director of Public Utilities, 
kindly offered equipment and personnel to meet the flood emergency. 


TABLE 2 


alse Public water supplies affected by flood—Potomac River area 


cITy 


SOURCE OF SUPPLY AND 
PURIFICATION EQUIPMENT 


PROTECTIVE MEASURES 


Piedmont 


sft 1a 


Keyser 


Petersburg 


Moorefield 
it js ! 


Romney 


Berkeley Springs 
lo 
yiloitd alist tm 


rT 


Shepherdstown 


Martinsburg 


Savage River Dam—Fil- 
tration plant 


her 
Impounded © mountain 

water became muddy. 
Chlorination 
Infiltration crib. 
rination 
Dug well—chlorination 


Chlo- 


South Branch, Potomac 

River. Filtration plant 
Springs. Chlorination 
dtisoH 


Potomac River. Filtra- 
tion 
Springs. Chlorination 


Mountain gravity water line 


washed out. 


Filtration 


plant at Luke, Maryland, 
furnished water until re- 
pairs were completed 


Chlorination 


increased and 


filter plant made ready for 
emergency service 
Rate of chlorination increased 


Heavy chlorination and flush- 
ing mains after river water 


discharged 


from flooded 


water system 
Raised chlorination 


Badly flooded. 


chlorination 


after clean- 


water 


High rate of 
maintained 
out of flood 


Storage sufficient to carry over 
until flood waters receded 
from plant and equipment 


Heavy 


chlorination 


after 


springs were flooded 


Mr. H. R. Crohurst reported to Wheeling in Ohio Valley at the 
peak of the flood, aiding not only the water plant superintendent, 
but also assisting Doctor Reece Pedicord, City-County Health Com- 
missioner, in planning and executing the important flood clean-up 


program. 


Mr. E. C. Sullivan, after reporting to city-county health authorities 
at Parkersburg, immediately gave his personal attention to safe- 


guarding the city water oe which had become muddy. Parkers- 
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burg was isolated by flood waters shortly after his arrival and the 
state sanitary engineers could not get in until flood waters subsided. 
This city had no trained sanitary engineer with ability to deal with 
the water problem. Mr. Sullivan found that the chlorination rate 
had been doubled by the pump station superintendent as soon as well 
water became muddy, from 8 to 16 pounds daily for treatment of two 
million gallons of water. Chlorine residuals and bacteriological tests 
over the system were taken and chlorine dosage raised to 21 pounds 
daily. Then the old filtration plant in the bed of the Ohio River wag 
placed in operation by the experienced water works man and the 
water in the mains began to clear. The wells were still out of service 
when Mr. Sullivan left several days later. 

Mr. F. J. Moss was dispatched from the Washington office of the 
U..8. Public Health Service to Harpers Ferry on the Potomac River, 
The havoc wrought along the Potomac Valley was so great, all bridges 
gone, that Sanitary Engineer Moss took up his station at Charles 
~ Town, out of the flood area, but located so that he could best serve 
ea the eastern panhandle area. His services were invaluable in adjust- 
ing chlorine dosage on flooded water supplies and training field crews 
of the Works Progress Administration, who worked at the job of 
properly cleaning and disinfecting private wells in the flooded area 
after the flood waters receded. 

BX PERIENCES AT WHEELING FILTRATION PLANT 
> The report which A. R. Todd, superintendent of filtration at 
Wheeling, submitted to the State Health Department tells briefly 
pn of his experiences at the plant during the flood period. He speaks of 
certain precautions which may be worthy of consideration by water 
works men. It does not appear that the flood control program on 
the Ohio will be completed for some time, although the Tygart 
--- Valley Dam at Grafton will be finished next year. 
oy Mr. Todd reports that at Wheeling, which has a modern water 
; filtration plant of 20 m.g.d. capacity, the sewers had been plugged two 
days before the crest was expected. However, due to the great 
pressure these plugs would not hold and it was necessary to have 4 
fire engine on duty to keep the basement pumped out and prevent 
flooding electrical equipment. The filters were all washed and they 
thought they were ready for the emergency, but Wheeling had never 
experienced anything like this flood before. Turbidity was 1350 and 
this was handled readily with the plant at capacity. The most 
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unusual thing noted perhaps was the exceptionally high chlorine 
demand of the filtered water. The chlorine disinfection equipment 
was stepped up to capacity, 200 pounds per 24 hours or 10 pounds 
per million gallons, the chlorine demand on filtered water going up 
from 2} to 10 pounds per million gallons. However, it was possible 
to hold a good residual chlorine in the filtered water at all times. 
Chlorine tests were run every fifteen minutes and bacteriological 
samples taken every hour. The city water supply showed safe at 
all times. 

Mr. Todd gives the following four suggestions for future guidance 
in his report to the State Department of Health: 


“First, a normal month’s supply of the essentials like lime, ch'orine and 
iron sulphate is not enough. We used more iron sulphate in five days than 
we ordinarily use in thirty days and had to borrow a truck load from our good 
friends in Washington, Pennsylvania. Fortunately we had ten 150 pound 
cylinders of chlorine and a reserve of eight 100 pound cylinders. A carload of 
lime which was on the way has not been located yet. 

The second lesson is that some provisions should be made to house the 
employees at the plant during such emergencies. Only about one-half the 
the crew was able to get to work and those that got here were on the job from 
forty-eight to fifty hours. 

“The third lesson is that perhaps a third chlorinator for a plant of this size 
should be kept on hand. 

“And the fourth lesson, and they had the same experience in Wellsburg, 
Martins Ferry, and Bellaire, if you tell the people not to draw water or even 
mention the water works, they will start filling bath tubs, buckets and even 
garbage cans with water, causing a further drain on your supply. At sucha 
time many rumors are afloat about your plant and we had to repeatedly an- 
nounce over the radio that the water was safe and pure and that the plant 
would not be shut down.”’ 


PARKERSBURG’S FLOOD EXPERIENCE 


Parkersburg lies at the junction of the Little Kanawha River with 
the Ohio. The banks are low and the large flat plain here became 
flooded. Its success in holding a safe city water supply throughout 
the flood emergency was due to the Civil Service requirement, which 
has kept the pump station and plant in charge of a competent, 
reliable superintendent for over twenty-five years. 

Mr. Burke in his period of service at Parkersburg has seen the 
tides of propaganda for either a well water system or a rapid sand 
filtration plant sweep over the city many times. In 1911, this re- 
sulted in a compromise system for developing water—namely, filter 
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ee _ beds in the Ohio River, which obtained ground water like wells, and 
ei also filtered river water, like a filtration plant. These filter beds 
ae functioned for a few years, became unsatisfactory, and then the 
| aoe Water campaign came up again. In 1925, the well water folks won 
out in a water works contest. A series of wells were installed in the 
gravel beds along the river, concrete walls being carried up aboye 
e the 1913 flood level for the purpose of preventing river water from 
contaminating the wells. The test came with this 1936 flood and 
the wells “could not take it.” On Friday, March 20, muddy water 
es from the wells began to enter the water system. ‘Two of the wells 
ces aE 4 sunk and tilted, breaking the discharge line and placing all the wells 
rs ins along the river bank out of commission. The reservoir supply held 
ag _ the town for about one day and then, on Saturday, March 21, 
a Superintendent Burke started up the old filter beds beneath the 
- Ohio River after moving the chlorinator into the old plant. This 
=e water was clear and with heavy chlorination the water from these 
beds was continued in use for a period of ten days, from March 21 
to April 1. After that the muddy water was pumped from the wells 
and they were again placed in service. 
Thus high chlorine dosage—it was raised from 8 to 21 pounds—n 
disinfecting 2,000,000 gallons per day—the old filter beds below the 
Ohio River bed and perhaps most important of all, the trained and 
dependable superintendent on the job who knew what to do in the 
emergency, saved the day at Parkersburg. He was protected by 
the state’s water works operators licensing system and by Parkers- 
-burg’s Civil Service requirements. 
"EMERGENCY PROTECTION OF GROUND WATER SUPPLIES IN SMALL CITIES 
~ Chlorination of all ground water supplies is required as a policy 
of the State Health Department after the best possible protection 
has been secured by proper construction to exclude surface water. 
However, not all the well water supplies in the Ohio and Potomac 
Valleys were protected by chlorine disinfection. Many of them 
are located in old communities which flourished in the ‘steamboat 
days’ before there was any State Health Department. In all new 
installations like those fifty or more public water supply improve 
ments constructed in the last three years under the Public Works 
Administration, chlorination has been installed on well water supplies 
routinely. 
New Martinsville and Point Pleasant are examples of two ~- 
cities using ground water supplies without chlorine disinfection. 
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1853 
was necessary to install state-owned chlorinator anubeei in these . 
two communities during the flood emergency. New Martinsville is 
situated on low lying ground at the mouth of Fishing Creek and the ita ; 
flood waters which were 12 feet deep through the main street of the  — 
city began to seep into the large dug well furnishing the water — 
supply. Then the water superintendent called the State Health 
Department for help, but it was too late for the sanitary engineers = 
to reach him with emergency equipment. The railroads and high- — : 
ways to Charleston were cut off by high water. Those leading to — 
Sistersville and Moundsville, upstream, were open, lying on high _ 
ground, and the state engineers by telephone secured the codpera- _ 
tion of these privately and publicly owned water works to obtain | 
emergency chlorinating equipment and have it installed at New 
Martinsville. The city has since purchased and installed their own 
chlorinating apparatus, but it took a real flood demonstration to 
put the project through. 

Point Pleasant is another city which desired protection of the 
drinking water supply and it is well they called for help, for the 
flood waters remained in this city for practically two weeks due to 
the subsequent rains and later floods on the Great Kanawha River. 
It was necessary for the sanitary engineer taking emergency chlorin- 
ating equipment to use train, boat and auto to reach this small city 
at the mouth of the Kanawha. All night long after the installation 
was completed, along the main street of the town, the rowboats, 
lanterns in the bow, were passing just under the bedroom windows 
of the hotel and those high waters remained for nearly fourteen days. 


WORTH OF STATE TRAINING SCHOOLS AND LICENSING PLAN TESTED 


West Virginia has followed out the admirable plan which Ohio 
started some fifteen years ago of bringing the water works men 
together for annual conferences. ‘This is for the purpose of getting 
acquainted one with the other and learning from people with wider 
experience. 

In West Virginia, the State University engineering school and the 
Sanitary Engineering Division of the State Department of Health 
have teamed up in running the school and it has been the means of 
training the older water men and bringing the graduates of the 
University into the water works field. For ten years the educa- 
tional program has gone on and in 1932, a licensing regulation was 
passed by the Public Health Council of the state, written examina- 
tions were held, and the water works men and filtration plant super- 
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ie ee and operators in charge of chlorinators were licensed by 
the State Health Department, in Class I, Class II and Class [yy 
_ designations. 

If you visit any water works in West Virginia, be it large or small, 

you will find that certificate framed and hanging on the wall as an 
evidence that the man has been examined in the science of water 
, _ purification and he has proven his fitness for this important position 
__-with respect to the community’s health. 
It was this group of men, who were in charge at large and small 
- water works in the Ohio River and Potomac River valleys, who 
= a _ proved of the utmost worth in meeting the flood emergency. They 
were put to the test and came through with flying colors. They 
ig acted with good judgment in holding public water supplies safe, 


PREPARATIONS TO MEET FUTURE FLOOD EMERGENCIES 


1. The state, city or county sanitary engineer is a strong ally for 

the water works superintendent. In times of emergency as demon- 
strated in the March, 1936, flood, he promptly acts to safeguard the 
public water supply. The fact that West Virginia found it necessary 
to have outside assistance for her towns and cities demonstrates the 
truth of Charles G. Hyde’s assertion that each city and county with 
a population of 50,000 or more persons should employ a qualified 
public health engineer. In the sections of West Virginia where such 
services were available the flood emergency was handled promptly 
and efficiently. 

2. Municipal filtration plants located in areas subject to floods 
should give consideration to more adequate storage for chemicals, 
Stocks are depleted at several times the normal rate in flood emer- 
gencies. Ample reserve capacity on chlorinator equipment is good 
insurance toward public health. 

3. Civil Service protection for qualified, trained, experienced water 
works officials should be sought more widely over the country. At 
Parkersburg, the local Civil Service requirements combined with the 
State Health Department licensing system for water purification 
plant operators were effective in holding the city water supply safe 
in the face of a major emergency. Every practical measure should 
be adopted to raise the calibre of the men in charge of both large and 
small water treatment plants to secure prompt and intelligent local 
action in flood emergencies to safeguard public health. 
(Presented before the Central States Section meeting, August 20, 1 J 936. ) 
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A REVIEW OF RECENT PROGRESS IN THE ELIMINATION _ 
OF TASTES AND ODORS FROM WATER SUPPLIES 


By CHARLES R. Cox 


(Chief, Bureau of Water Supply, Division of Sanitation, State 
Department of Health, Albany, N. Y.) 


The general public has always been quite sensitive to the physical _ 
character of water delivered by municipal water supply systems, but a - 
much more critical attitude has developed recently because the wide- 
spread delivery of attractive water has resulted in a demand for 
similar water in all municipalities. Before 1928, however, little 
attention was given to the elimination of tastes and odors except in 
the use of copper sulphate for the control of microérganisms. In 
that year, however, the chlorine-ammonia treatment was introduced 
into this country from England and great interest was shown in the _ 
prevention of chlorinous tastes through the preliminary use of ammo- 
nia. Following this activated carbon was introduced in 1931 for the - 
removal of tastes and odors. Concurrently with these developments, _ 
the successful treatment of phenolic wastes was developed at by- _- 
product coke plants so that streams are now quite generally free from iat 
these very objectionable taste producing compounds. As a result of 
these very important developments, it is now possible to make the _ 
optimistic statement that tastes and odors may be completely elimi- __ 
nated from water supplies if funds are available for the construction __ 

and proper operation of suitable water purification equipment. 


ESTIMATED INTENSITY OF TASTES AND ODORS 


The older standard method of estimating the intensity of tastes 
and odors in samples of water was very crude and was not quanti- 
tative in nature. Recently two procedures have been developed for 
estimating odors which are quite sensitive and also permit assigning a 
quantitative value to the intensity of odor. A description of these 
procedures is given in the Eighth Edition of the Standard Method of 
Water Analysis published this year, in the volume entitled “Elimina- 
tion of Tastes and Odors in Water,” by John R. Baylis, published by 
the McGraw-Hill Company of New York City, and in the November, 


1934 and April, _ issues of The Journal. Briefly, it may be : 
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amounts of odor free water until the mixture has a barely perceptible 
odor when using the so-called osmoscope. This consists of a glass 
tube shaped so as to fit the nostrils, the other end being inserted into 
the flask holding the sample. The degree of dilution of the origing| 
sample with odor free water is used in computing the intensity of the 
- odor of the sample. The second procedure consists in the use of g 
ey _ special osmoscope, whereby the air above the sample of water being 
examined, containing the odoriferous compounds, is diluted with 
outside air until the mixture has a barely perceptible odor, the degree 
of dilution with outside air being indicated by the calibrations of the 
equipment, so that the intensity of the odor may be computed. 
An osmoscope for use with the water dilution method can be made 
by heating the end of a glass tube about one-half inch in diameter in 
the flame of a Bunsen burner so that the glass becomes soft and per- 
mits the end of the tube being enlarged so as to cover both nostrils, 
_ This tube is inserted in the glass flask containing the sample, which 
has been well shaken, so that undiluted air containing the volatile 
odor producing substances originally present in the water may he 
_ drawn into the nostrils. The air-dilution type of osmoscope may be 
_ purchased from laboratory supply houses. 
‘The significant fact is that this improved odor test places in the 
hands of water purification plant operators the means of controlling 
the treatment of water in taste and odor prevention. For instanee, 
experience has shown that if an undiluted sample of water at the room 
id temperature of 20°C. or less has no odor, or that if a sample of water 
diluted with an equal volume of odor free water and heated to a 
temperature of 70°C. has a barely perceptible odor when using the 
a - osmoscope, such water will be considered as odor free and acceptable 
to the general public. This indicates, of course, that the final efflu- 
ats ~ ents of water purification plants should have a threshold odor value of 
ES less than one for cold water and two for hot water when expressed on 
the odor dilution scale. 
a Those in charge of public water supply systems should secure an 
@smoscope for routine use in this manner. 


TASTE AND ODOR PRODUCING SUBSTANCES 


% The sense of smell is much more sensitive than the sense of taste 
_ and hence many so-called tastes are in reality odors. It is not sur 


prising, therefore, that many of the substances imparting tastes and 
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odors to water are volatile in nature and that they may be eliminated 
by aeration. This is especially the case with the essential oils liber- 
ated by living microscopic vegetation. On the other hand, the tastes 
and odors imparted by the decay of vegetation are more difficult to 
eliminate. It is essential, therefore, that every effort be made to 
prevent the entrance of swamp drainage into reservoirs and the 
accumulation of organic matter which later will be subject to decay 
in reservoirs. 

Tastes and odors incidental to the entrance of sewage and industrial 
wastes into streams cannot be prevented by those in charge of water 
supplies, but governmental departments are endeavoring in every 
way possible to prevent the pollution of streams to a degree where 
water supplies are influenced. As previously mentioned, gratifying 
results have been secured in having phenolic waste treatment plants 
constructed at by-product coke ovens, and rapid progress is being 
made in providing needed sewage treatment works. 

The control of tastes and odors in water supplies may be subdivided 
into two phases, namely: the prevention of tastes through control of 
the source of supply or the method of treating the water and, secondly, 
the removal of taste and odor producing substances which are un- 
avoidably present in water supplies. oo arlivod: 

sbi 
THE PREVENTION OF TASTES AND ODORS 

Draining swamps. Many impounding reservoirs are located in 
streams draining watersheds containing swamp areas. In some 
instances such swamps are subject to supervision by the municipality 
served by the supply, in which case the municipality would be well 
justified in constructing drainage ditches to reduce the amount of or- 
ganic matter leaching from the swamp area and in turn the concen- 
tration of decomposing organic matter contributed by the swamp. 
Such drainage operations also eliminate small pools, etc., in which 
algae growths are prolific and which serve to seed the reservoir with 
such organisms. The clearing of brook channels and the drainage of a 
swamp area tributary to one of the Port Jervis reservoirs in this way 
reduced the color of the water of this small tributary stream from 
about 200 p.p.m. to about 30 p.p.m. 

Shallow coves in large reservoirs are also prolific sources of trouble 
due to the growth of aquatic vegetation and algae. It is frequently 
economical in the long run to construct a dyke isolating such an area 
or to eliminate the area by filling. liter denne 
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Copper sulphate treatment. Almost everyone is familiar with the 
use of copper sulphate for the control of microérganisms in reservoirs 
_ Little modification has been made in the method of applying copper 
* sulphate until recently. This is due to the fact that Teasonably 
satisfactory results have been secured by the simple procedure of 
_ dragging crystals of the material in burlap bags over the surface of 
a reservoirs by attaching the bags to rowboats or launches. Studies 
_ made by the Los Angeles Water Department, however, have indicated 
Brg that this crude procedure is wasteful of the copper sulphate and does 
not permit precise dosage of the algaecide. For instance, if bags of 
copper sulphate attached to boats are dragged through water in 
_ parallel courses sufficiently far apart to result in a moderate dose of 
copper sulphate, the zones between the courses of the boat will not be 
' : as subject to treatment. If, on the other hand, the boats are propelled 
in parallel courses quite close together, the total dose is larger than 
‘- required. It is estimated that the minimum dose which can be 
applied by the older procedure is about 25 pounds per acre of water 

_ surface, whereas the required dose may be only 7 pounds per acre. 
_. Furthermore, the older crude procedure does not result in uniform 
vertical distribution of the chemical, because the toxic effect is due 
ae - to the copper sulphate and not copper carbonate and copper hydrox- 
_ ide formed by the reaction of the copper sulphate and carbonates of 
the water. The Los Angeles Water Department, therefore, has 
_ developed inexpensive equipment for scattering pulverized copper 
sulphate over the surface of a lake or reservoir so that the water is 
treated as the small crystals dissolve when sinking through the water. 
a _ The Los Angeles method briefly consists in pulverizing the copper 
. sulphate so that the material will pass through a 16 mesh sieve, the 
larger crystals so formed sinking to a depth of about 20 feet before 
they dissolve, whereas the finer material sinks only several feet before 
dissolving. The powdered copper sulphate is distributed over the 
2 surface of the water by equipment driven by a one-half horsepower 
x gasoline engine mounted in the stern of alaunch. This engine drives 
= a metal disc on a horizontal shaft which is parallel to the keel of the 
; boat. A hopper containing the pulverized copper sulphate is s0 
i located that its spout terminates in the center of the disc so that the 
ie powdered material is fed from the hopper to the center of the revoly- 
F ing dise by which it is scattered. The rate of feed of the powder to 
the dise is controlled by an adjustable opening. It is claimed that 
a equipment will scatter pulverized copper sulphate over a strip of 
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water 40 to 50 feet wide in calm weather, whereas the powder is 
blown to one side for 100 feet or more by high winds. Twenty-eight 
to over 100 acres of water surface have been treated per hour, depend- 
ing upon the size of the reservoir. 

The size of the pulverized material is varied to secure more effective 
treatment of water at different depths, that is coarser material is 
used when the organisms are known to be present in the lower por- 
tions of reservoirs as in the case of many diatoms, whereas finer mate- 
rial would be used when destroying organisms growing near the 
surface, such as many blue green algae. This possibility of restrict- 
ing the treatment to a limited depth of water results in great economy, 
because ordinarily the required dose is computed by using the total 
volume of water in a reservoir, although there are instances where the 
volume of surface water to a depth of 25 to 30 feet is used rather than 
the total volume. 

A marked saving in the cost and effectiveness of the treatment has 
been secured through the use of this equipment. Consideration, 
however, is being given to the development of an engine driven blower 
to disperse powdered copper sulphate in the hopes that this equip- 
ment will impart the same speed to small particles as to the larger, 
so that the material of varying sizes may be distributed evenly over 
the surface of the reservoir. 

The City of San Francisco has recently experimented with the use 
of a small engine driven centrifugal pump to distribute copper 
sulphate solution. Pulverized copper sulphate is injected into the 
suction pipe of the pump. The discharge pipe is connected to two 
manifolds, one on each side of a launch, whereby the copper sulphate 
solution is forced at right angles to the course of the boat over a zone 
of about 40 to 50 feet wide. It-is claimed that this procedure has 
improved the effectiveness and rapidity of the application of the 
copper sulphate. 

Baltimore City has utilized perforated triangular boxes attached 
on each side of a launch, which boxes are filled with pulverized copper 
sulphate. Water passes through these submerged boxes when the 
launch is propelled through the water, dissolving the copper sulphate. 
The rate of solution of the material and hence the dose applied to the 
water can be controlled by varying the speed of the launch and the 
size of the opening through which the water passes. 

At times it is desirable to apply copper sulphate to shallow bodies 
of water where boats cannot be propelled. Satisfactory results have 
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Saar been secured i in such cases by attaching a net to an inner tube and by 
ae 4 placing a bag of copper sulphate crystals within the float so ¢op. 
e ae structed. A rope is then attached to the inner tube so that the devige 
#3 to be towed through shallow areas of reservoirs to destroy micro. 
« organisms frequently growing in such areas. 

Continuous application of copper sulphate. The copper ‘sulphate 


__ is interesting to note, however, that New York City and Port Jena 
are applying copper sulphate continuously to water entering the 
a reservoirs so as to prevent the growth of microérganisms. The water 


entering the Croton reservoir of New York City is treated with a 
a dose of 0.1 p.p.m. copper sulphate applied with dry feed equipment, 
_ Mr. Horace A. Sheldon, Water Commissioner of Port Jervis, New 
_ York, has reported that copper sulphate is added continuously to the 
-_-water entering reservoir No. 1 from the large impounding reservoirs, 
ae From June 1 to November 1, 1935 seven pounds of copper sulphate 
ee were added each day to approximately 3 m.g.d. of water, the material 
being dissolved and fed as a solution, giving a dose of 0.28 ppm. 
- From November 1, 1935 to April 1, 1936 during cold weather, nine 
ae _ pounds of copper wilihiot’ were placed in a bag and submerged in the 
entering stream, thus avoiding freezing difficulties. The copper 
_ sulphate dissolved slowly during the greater part of the 24 hour 
period, giving a dose of 0.36 p.p.m. From April 1, 1936 to date, a 
‘solution of nine pounds per day has been applied, but in addition 14 
applications of copper sulphate have been made directly to the edges 
and upper portion of reservoir No. 1, with an average dose of 60 
pounds to about 55 million gallons of water, or 0.13 p.p.m., although 
the actual dose applied to the water in the portion of the reservoir 
treated was higher than this average computed value. This treat- 
ment has prevented the growth of algae in this unfiltered supply and 
has eliminated complaints as to taste and odor. 

This method of treatment is especially useful when reservoirs 
receive drainage from large swamp areas which cannot be eliminated 
and where the incoming water contains large concentrations of micro- 
organisms. Continuous application of copper sulphate may be 
secured by using conventional solution or dry feed chemical dosing 
apparatus. It is feasible, of course, to use the chlorine-ammonia 
treatment for the same purpose when the reservoir is not too large 
and residual chlorine can be maintained throughout the body of 
water. 
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1 by Mention should be made of the possibility of adding copper sul- ie k : 
20n- phate through holes cut on ice during winter weather. Itoccasionally 
Vice happens that taste difficulties due to diatoms such as Asterionella or _ 
cTO- protozoa like Synura occur during the winter months when ordinary 
treatment of the reservoir is impossible. If holes are cut in the ice © 
ate about 25 feet apart, it is possible to raise and lower bags of copper _ 
It ‘sulphate through the water and thereby control such growths toa — 
Vis considerable extent. 
the Experience has definitely indicated that the effectiveness of copper _ 
ter sulphate treatment depends upon microscopical examination of Pe 

samples of water collected from reservoirs at varying depths at __ 
frequent intervals. In the absence of laboratory control of this 
treatment procedure, the copper sulphate should be applied every __ 

three to four weeks during the warmer portion of the year. fae. 

The chlorine-ammonia treatment. The chlorine-ammoniatreatment 
of water to secure more effective disinfection and the elimination of _ 
algae growths and the prevention of chlorinous tastes is widely — 
utilized, so little need be said at this time relative to the funda- _ 
mentals of this treatment. About 62 supplies in New York State _ 
are treated with both chlorine and ammonia, there being a total of 
330 supplies which are chlorinated. It is very desirable, however, — 
to emphasize certain factors that should be borne in mind when ~ 
preventing the occurrence of chlorinous tastes which incidentally _ 
are more common than should be the case and which have led to 
unfavorable reaction on the part of the public to the very essential — 
chlorine treatment of most water supplies. In the first place, manual 
control chlorinators are used in many instances to treat supplies 
flowing at varying rates when in reality automatic equipment should 
be utilized. In some instances, however, the range in the rate of flow 
of water being treated is not excessive and chlorinous tastes can be 
prevented through the use of the chlorine-ammonia treatment, 
because moderate overtreatment of the water with chloramines does 
not produce objectionable tastes. In any case the determination of 
residual chlorine in the treated water should be made frequently to 
insure effective disinfection without the production of chlorinous 
tastes. 

As previously stated, algae growths in equalizing reservoirs receiv- 
ing treated water can be controlled through the use of the chlorine- 
ammonia treatment. Prechlorination with chlorine and ammonia 
also enables residual chlorine being maintained throughout coagula- 
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an basins and through filter beds, thereby preventing the decom. 
posing of sludge in coagulation basins and the growth of ‘slime op. 
ganisms in filter beds. 

_ As is generally known, the ratio of chlorine to ammonia is usually 
three to one. It may be necessary, however, to materially increase 
the ratio of ammonia when taste difficulties are acute and in fact q 
ratio of one to one may be needed when chloro-phenol tastes are 
being prevented. Generally speaking, a higher ammonia ratio is 
required when waters containing appreciable organic content are 
being treated. 
REMOVAL OF TASTES AND ODORS 

The above discussion has referred to the prevention of tastes and 
odors. Attention will now be given to several procedures for re- 
moving tastes and odors which are unavoidably present in water 
supplies. 

Generally speaking, surface waters exposed to natural aeration are 
of better physical character than water present in the lower portions 
of reservoirs, except when certain species of microérganisms are 
growing near the surface. For this reason, surplus water should be 
wasted from the lower portions of reservoirs by opening blow-off 
valves rather than letting an equal volume of ‘‘fresh’”’ water pass over 
the spillway. The City of Oneida practices this procedure and 
thereby wastes the water containing most of the iron, manganese, and 
decomposed organic matter. For the same reason intakes in deep 
reservoirs should be fitted with multiple gates which permit water 
being drawn from varying levels. Experiences at Albany, Saratoga 
Springs, Oneida, LeRoy, etc., have definitely indicated that those in 
charge of water supplies should determine by sampling the character 
of water available at different levels, so that water can be drawn from 
the level furnishing the most satisfactory water under the given 
climatic conditions, etc 

Aeration. Little need be said as to the advantages of aeration in 
removing volatile taste and odor producing compounds, such as 
hydrogen sulphide present in many well waters and essential oils 
liberated by microérganisms growing in reservoirs. Mention should 
be made, however, to the practice at Holland, New York, where 
aeration is used to remove hydrogen sulphide from well water. The 
Holland supply also is disinfected with chlorine, and it is interesting 
to note that the chlorine will react with any residual hydrogen sul- 
phide present in the aerated water and completely remove it. 
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In general, aeration of raw water is justified irrespective of the 
degree of subsequent treatment because it reduces the quantity of ee. 
activated carbon, etc., required in odor removal. 

Superchlorination. Superchlorination, defined as the use of such 
high doses of chlorine as to require the subsequent use of a dechlorina- — 
tion agent, has been used in New York State only at Jamaica, N. Y., _ 

to destroy tastes due to gasoline leaching into the ground water. 
"Experience in the treatment of the water supplies of Toronto, several 
suburbs of Chicago and elsewhere has definitely indicated, however, _ 
that very effective taste and odor removal can be secured by adding 
sufficient chlorine to the raw water at filtration plants to produce at — 
least 0.5 p.p.m. residual chlorine in the filtered water. This residual __ 
is then removed by the use of sodium bisulphide, sulphur dioxide or _ 
beds of granular activated carbon. The total doses of chlorine re- 
quired for this purpose may seem very large, being from 1.5 to 3:5 
p.p.m., but the dose of chlorine may be less than the required dose of 
other chemicals used in taste and odor removal. Superchlorination, — 
therefore, deserves to be studied to a much larger extent than hasbeen _ 
the ease in the past. 

Activated carbon. Activated carbon is quite generally utilized in 
New York State as our records indicate its use at 40 filter plants. 
Heretofore this use has been restricted to powdered activated carbon 
except at Seneca Falls, and very recently at South Fallsburg, New 
York. 

The South Fallsburg plant will be described at this meeting. It is 
notable that the South Fallsburg plant permits odor and taste control 
by both superchlorination and carbon treatment, because the carbon 
bed adsorbs residual taste and odor remaining after superchlorination, 
as well as the residual chlorine present in the filtered water. This 
new plant, therefore, should be watched with considerable interest. 

The Seneca Falls installation consists of granular activated carbon __ 
placed to a depth of 6 inches in two of the six pressure filters. The 
four conventional filter units are used as preliminary filters and their 
effluent is passed through the two secondary units at twice the rate 
of preliminary filtration. Tastes and odors due to algae growths in 
Cayuga Lake are removed to a marked extent by this procedure, but 
the volume of granular activated carbon utilized is not entirely ade- 
quate and hence powdered carbon is being added to the raw water to 
insure completely satisfactory results. No data are available from 
New York State plants as to the relative cost of powdered carbon 
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when added continuously and granular carbon beds when replaced 
at periodic intervals. 

It is impossible to review the large amount of information available 
as to the effective use of powdered activated carbon. Several cages 
may be cited, however, to indicate that the required doses of carbon 
during periods of extreme taste difficulties may be higher than many 
people realize. For instance, the Oshkosh, Wisconsin supply con: 
tains large quantities of decomposing organic matter, and doseg of 
powdered carbon of 50 p.p.m. or about 400 pounds per million gallons 
have been needed for effective taste and odor removal. In a similar 
manner a total dose of 18 p.p.m. or 150 pounds per million gallong 
was required at Saratoga Springs to remove a similar taste. 

Likewise the odors and tastes due to the recent decomposition of 
organic matter in the Ithaca reservoir were not effectively removed 
until there was added 8.0 p.p.m. or 70 pounds per million gallons of 
carbon to the raw water, 2.5 p.p.m. or 20 pounds per million gallons 
to the settled water, and 5 pounds of carbon were added to each 
filter bed of one-half million gallons capacity following the usual wash- 
ing procedure. This reduced the filter runs from about 36 to about 
8 hours. The indications are that equally effective results could be 
secured by adding less carbon to the raw water and somewhat higher 
doses to the filtered water, because carbon impregnated filter beds are 
more effective in taste and odor removal than an equal volume of 
carbon suspended in the water in coagulation basins. It is very 
desirable, however, to add a portion of the carbon to the raw water 
either separately or through the use of “black alum”’ or “‘activated 
alum,” whereby odors from the decomposition of sludge are pre- 
vented and more effective over all results are secured. A good prac- 
tice is to add a dose of carbon of 10 to 25 pounds per million gallons 
to the raw water at most times and to increase the dose when neces- 
sary by adding the carbon to the settled water or directly to the filter 
beds. 

The effectiveness of adding powdered carbon directly to filter beds 
after they have been washed is such as to justify the mention of the 
practical problems involved. At the Saratoga Springs plant a 
weighed quantity of carbon, namely, 4 pounds per application, was 
placed in a shovel and was applied to the settled water first flowing 
into the filter bed immediately after each washing procedure. The 
carbon was dumped in the ‘‘forebay” of the filter bed and was effec- 
tively distributed throughout the filter area. At Richmond, Vir 
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ginia, a suspension of carbon is prepared at a central point and 
distributed through special piping, terminating at the inlet to each 
filter unit, where a quick opening valve is located. The same pro- 
cedure was used at Albany when taste from Synura was being re- 
moved. This more elaborate procedure is justified because of the 
convenience and the absence of dust problems. 

The required dose of activated carbon may be determined by adding 
increasing doses until effective results are secured. In general, 
however, more definite and rapid results are secured by the use of 
laboratory stirring equipment, whereby several samples of water may 
be dosed with varying quantities of powdered activated carbon and 
water mixed for a definite period of time and then filtered through 
laboratory filter paper. In this way the effective dose can be ascer- 
tained in about one hour. It is a good procedure to use a somewhat 
larger preliminary dose on a plant scale and then to reduce the dose 
gradually until effective results are secured with a minimum dose. 
In general the activated carbon treatment will be effective if a suffi- 
ciently high dose of carbon is utilized. This, of course, may entail a 
considerable expense, reducing the length of filter runs and cause 
other practical difficulties, but the important fact is that attractive 
water can be produced when powdered carbon is used correctly at 
modern filtration plants. 

Additional data are desirable relative to the direct application of 
powdered activated carbon to reservoirs to remove taste and odor 
producing substances as well as color. It frequently happens that 
conventional activated carbon treatment would be desirable but 
impracticable because of the absence of a filtration plant. The 
experience of the New Haven Water Company at Milford, Conn., 
therefore, is of interest because the water in a 15 million gallon reser- 
voir having an objectionable taste and color due to the decomposition 
of organic matter, was treated with copper sulphate and powdered 
carbon by direct application. Water is pumped from this reservoir 
in a daily period of four to five hours and, hence, an opportunity 
existed for the sedimentation of carbon throughout a period of about 
twenty hours. The copper sulphate was applied in the usual manner 
with a dose of about 0.5 p.p.m. Some hours later, at the end of the 
daily pumping period, 1.5 p.p.m. powdered carbon was applied to 
the water in the reservoir. This was accomplished by placing a 
barrel in the stern of a rowboat. This barrel was fitted at the bottom 


with two small copper tubes extending on each side of the boat. A 
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suspension of the carbon was maintained in the barrel. Three men 
were required, namely; one to row the boat, one to add carbon and 
agitate the suspension, and the third to force water into the barrel 
by operating a small hand pump. Naturally, more economical 
results could be secured through the use of a small gasoline engine 
driven pump whereby the carbon could be injected into the suction 
pipe and discharged at right angles to the course of the boat, as in the 
case of copper sulphate application at San Francisco. 

An important factor is that the preliminary copper sulphate dose 
results in the formation of copper carbonate floc which upon settling 
precipitates the carbon so that the water delivered the next day to the 
distribution system was free from this material. This treatment 
resulted in a reduction in color of from 40 to 10 p.p.m. and the musty, 
marshy taste was removed. This taste, however, returned in several 
days, apparently due to continued decomposition. It would appear 
that more definite results would have been secured had the dose been 
higher, judging from experience elsewhere with carbon treatment 

Four hundred pounds of “black alum,” containing 10. percent 
activated carbon, were applied directly to the water in a 4 million 
gallon reservoir at Hillburn, N. Y., in the hope that the high color 
and swampy taste of the water could be reduced by coagulation and 
carbon adsorption. This treatment was effective in the partial 
clarification of the surface water, the color being reduced from 35 to 
20 p.p.m., the turbidity from 10 to 5 p.p.m., and the taste and odor 
being reduced from distinct to faint. Unfortunately, however, water 
had to be drawn from near the bottom, where the floc accumulated. 
Even though the results were of limited value, this emergency treat- 
ment procedure should be borne in mind, because it might be very 
effective when water may be drawn from near the surface. 

Control of distribution systems. It frequently happens that attrac- 
tive water is pumped into a distribution system, but where the water 
delivered to the public has a noticeable taste and odor. This: is 
usually due to the decomposition of organic matter in the pipe lines 
near dead ends, especially when the water is devoid of oxygen and 
contains appreciable concentrations of sulphates, which are reduced 
to sulphides by anaerobic decomposition. Such decomposition can 
be prevented by aerating supplies, coupled with frequent flushing of 
dead ends, and also by the use of chlorine-ammonia treatment of the 
water whereby an active disinfectant is present throughout the 
system. It should be remembered _ aeration will increase the 
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corrosive of soft waters through the introduction of oxygen, so that 
in such instances chlorine-ammonia treatment is the more desirable. 

Tastes and odors are occasionally due to the growth of crenothrix 
in distribution systems. The growth of these “iron” bacteria can be 
prevented through the removal of iron and manganese before the 
water is introduced into distribution systems. If iron removal 
equipment is not available, however, it is feasible to destroy the 
growths through the use of the chlorine-ammonia treatment, whereby 
the water throughout the system contains about 0.2 to 1.0 p.p.m. 
residual chlorine, depending upon local conditions. This treatment 
has been effective at Jamaica and Phoenix, N. Y. 

Crenothrix growth in the Rhinebeck supply was almost completely 
eliminated by the use of copper sulphate in doses of about 0.25 p.p.m. 
applied on every third day. A somewhat larger dose applied con- 
tinuously will be used in the future to completely eliminate this 
organism. In this particular instance the copper sulphate solution 
had to be forced into the well water being pumped into the distribu- 
tion system by a deep well pump and, hence, a special solution pump 
was needed. One of the commercial chlorinators, designed for the 
application of hypochlorite solutions for disinfecting purposes, is 
used at Rhinebeck. 

ge w sollag seq ciety, 
CONCLUSIONS atied Jo beaten 

In conclusion it seems desirable to emphasize the value of the 
experimental method of determining the best method of taste and 
odor control required for a specific supply, and the necessity of fre- 
quent microscopical examinations of samples to determine whether 
microorganisms are present at various levels from which water may 
be drawn. Complaints by the public as to the condition of water 
delivered to their homes should be considered as significant until 
investigation indicates that complaints are unwarranted, so that ail 
available information may be utilized. We wish to take this opportu- 
uity of assvring those in charge of water supplies throughout the 
stat» of the willingness of the Department to codperate in the study 
of the origin and best procedures for preventing or removing tastes 
and odors {rom specific water supplies. Everyone should feel free, 


therefore, to c¢amunicate with our district engineers relative to such 
difficulties. 
(Presented bejure the New York Section meeting, October 15, 1936.) 
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MODIFYING AN UNUSUAL FILTER PLANT TO OPERATE 
SUCCESSFULLY 


By W. W. ip 
(Engineer of Water Works, Bureau of Water Works and Supply, 
x Los Angeles, Calif.) 


> 

An article on ‘Unusual Color Removal Plant,”! sets forth what 
many water works engineers have been considering radical innova- 
tions in filtration plant design inimical to the safe development of the 
art of water treatment and dangerous to communities which might 
adopt them. There has been a persistent demand by eastern engi- 
neers who have seen the Wilmington Color Removal Plant, which 
was constructed in 1932 and which had to be revised completely, for 
the writer to prepare an article which would bring up to date the 
experiences with color removal at that plant. 

The points in the article just mentioned which have invoked spe- 
cial interest are the following: first, that ferric chloride using a dose 
of 0.2 grain per gallon with a color ranging from 100 to 125 p.p.m. 
instead of alum was better suited for the type of water to be treated; 
second, that the filter bed consisted of 10 inches of sand with an effec- 
tive size of 1.0 mm. with a filter rate of 376 million gallons per acre 
per day and with wash water troughs set 10 inches above the sand 
surface; third, that the entire influent to the filter be through a grid 
discharging just below the sand surface to keep the sand surface 
roiled; fourth, that spent sludge be recirculated up to eleven cycles 
of reuse; and, fifth, that the coagulated material would all rise to 
the surface in the clarifier and no sludge would appear at the bottom. 
These and other novel innovations were an outgrowth of observations 
made on a 69,000 gallon pilot plant which had been constructed for 
experimental purposes. This plant did demonstrate that the color 
of the raw water could be visibly decreased by ferric chloride coagula- 
tion and was entirely successful as a popular exhibition. However, 
as later found out, not a single standard test for color was made 


of the raw or treated water during the entire life of the experimental 
plant; it was not equipped with a rate controller; and no records 
were kept of losses of head for different rates of filtration or of per 
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cent removals of color by different chemical doses. The demonstra- 
tio unit operated periodically in 1929 and was dismantled that 
same year. 

A 5 mg.d. plant at Wilmington was designed during 1930-31 
and was constructed the latter part of 1931. Except for the reducing 
of the maximum filter rate from 675 million gallons per acre per day 
to 150 million gallons per acre per day and of providing sludge 
removal devices in the clarifier the larger unit contained all the 
suggestions and innovations above innumerated. The proposed 
15 m.g.d. plant at Lomita, referred to in the same article, was never 
constructed, principally because of the unsatisfactory performance 
of the 5 m.g.d. unit. 

As a matter of record, the 5 m.g.d. plant was placed in operation 
on February 9, 1932. It handled a maximum flow of 1.5 m.g.d. and 
required a chemical dosage of 3.5 g.p.g. The final color was greater 
at all times than 35 p.p.m. Obviously, it was a complete failure 
and after several days run was shut down. The original ferric 
chloride feeding machine never did function and a crude feeding 
device had to be improvised. The influent grid had to be enlarged 
immediately. On February 24, 1932 the plant was again started 
and operated nine days at an average flow of 2.5 m.g.d. at a dose 
of 3 g.p.g. Still the final color was estimated to be over 35 p.p.m. 

At this time R. F. Goudey was asked for recommendations and 
from March 30, 1932 to April 22, 1932 quickly made the following 
changes: (1) two ferric chloride feeding devices using constant head 
orifice controls were installed; (2) better initial mixing was secured 
by baffles; (3) coagulation in the four 10 feet square tanks 12 feet 
deep with violent agitation with circular paddles using a total of 
15 H.P. was changed to an up-and-down flow by baffles giving a 
velocity of 0.3 foot per second at 5 m.g.d. flow with all power units 
removed; (4) the clarifier was improved by change of inlet arrange- 
ments by installation of squeegees on bottom blades, by decreasing 
speed of rotation from 20 to 55 minutes, by increasing the clarifier 
outlet weir length from 40 to 230 feet, and by raising the overflow 
level 9 inches; (5) the filter beds were renovated by replacing a 
poor grade of rock containing clay, mica, and decomposed granite 
and regrading new hard rock free of granite and mica particles accord- 
ing to standard practice; (6) the 10 inch sand layer with an effective 
size of 1.0 mm. diameter which was also light, flaky, and fluffy was 
replaced by quartz sand with an effective size varying from 0.35 to 
0.45 mm. and its depth was increased to 18 inches (later to 22 inches) ; 
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(7) the wash water troughs were raised 8 inches which would have 
been more if structural features would have permitted; (8) all Surface 
inlet grids were removed; (9) loss of head and rate indicator gauges 
were installed; (10) three rate controllers originally installed bagk- 
wards were properly set ; and (11) the rate of backwash was controlled 
to prevent disrupting of sand beds. 

After these changes the plant was placed in operation and @ flow 
of 2.7 m.g.d. required a dose of 3.0 g.p.g. to effect a color reduetion 
to 15 p.p.m. ‘This was the first time acceptable water was produced, 
Time out was taken to continue experiments with the addition of 
lime (1.6 to 2.0 g.p.g.), chlorination of sludge and with sludge cireuls- 
tion with and without chlorination. The average flow during this 
period of experimentation was 3.0 m.g.d.; the ferric chloride dose was 


TABLE 1 
Operating rates and dosages 

RAW FERRIC | 

cost 

m.g.d. p.p.m. gr./gat. p.p.m. minutes / 
OMpROg 32 1.0 13 75 1.0 800 | 3.65 
32 1.0 13 50 1.4 | 1,200 | 
bia 42 1.4 13 87.5 1.9 1,600 2.15 
~ waif 50 1.6. 18 30 2.4 2,000 | 1.85 
6 58 | 2.0 13. | , 25 2.9 2,400 | 1.65 


* Varies according to combinations of wells in use. 


3.25 g.p.g; and the residual color was 25 p.p.m. On June 24, 1932, 
Mr. Goudey’s further recommendations were accepted and he was 
placed in full charge of the plant’s reconstruction and its subsequent 
operation. His main contention was that the water should be 
properly conditioned before filtration. Without disrupting con- 
tinuity of operation two 27-inch Turbo mixers of 20,000 g.p.m, 
capacity, one over the other, were installed in the first mixing tank 
and in addition 50 ¢.f.m. of free air was blown through filtros tubes 
just below the upper Turbo mixer to assist in the mixing and to drive 
off methane present in the water as well as carbon dioxide from the 
chemical reaction. This one change lowered the ferric chloride dose 
0.35 g.p.g. The second step was to increase the mixing period from 
10 to 30 minutes by installing two 20 feet diameter by 15 feet steel 
tanks equipped with paddle mixers which lowered the ferric chloride 
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dose 0.5 g.p.g. more. Other changes were made with vile hours 
interruption, such as streamlining abrupt turns in all flumes to pre- 
vent breaking up of the floc, curved baffled inlets to the clarifier ahead 
of a deep baffle discharging influent into bottom 18 inches of the 
clarifiers, and keeping a layer of 0.35 mm. sand on the surface of the 
filters, permitted the plant to operate safely at high flows as indicated 
by table 1. 

The plant actually operated at a flow of 6 m.g.d. for four consecu- 
tive months except for sixteen days when consumption requirements 
dropped to between 4 and 5 m.g.d. The maximum hourly flow 
through the plant has been 6.75 m.g.d. The changes in design not 
only succeeded in placing the plant on a satisfactory operating basis 
but increased the original designed capacity from 5 to 6 m.g.d. I 


FERRIC CHLORIDE AS A COAGULANT 


Repeated experiments were made with alum with and without the 
pH adjustment and with sodium aluminate, but no combination 
would give an economical method of treatment. All alum dosage 
rates without pH adjustment produced flocs too fine to settle effi- 
ciently in a clarifier. By lowering the pH to 4.8 an alum dose of 
0.5 g.p.g. could be used but this was not economical. 

Ferric chloride, on the other hand, gave a good floc without pH 
adjustment at about 2 g.p.g. and by lowering the pH to 5.0 a dose 
of 0.4 g.p.g. sufficed. The cost of acid to depress the pH, together 
with lime to restore it, was greater than the saving in ferric chloride 
and accordingly all efforts to adjust pH were discontinued in favor 
of experimentation with other coagulants. The acid adjustment of 
pH was actually tried out on a plant run on a 5 m.g.d. flow in an 
effort to try to prove whether pH control could be made practical. 

The variations in pH of Wilmington water as compared with Los 
Angeles aqueduct water with successive increments of weak acid is 
given in table 2. 

To obtain a pH of 3.6 the Wilmington water takes 60 percent more 
acid than the aqueduct water. ¥ 

The Wilmington water contains humates and tannates which in a) 
the presence of iron jell out and become food for bacteria causing 
the water to have tastes and odors. Filtration removes these sub- _ 
stances and ferric chloride does it much more economically than alum. — 
The original contention that ferric chloride was better suited for 
Wilmington water has proven correct. ; 
Spent sludge was found to peptize, that is, bacteria caused some ee 
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thei iron in revert to the ferrous state and as such passed through the 
filters into the distribution system. Even with chlorination of Te- 
turned sludge this trouble continued. 

_ Ferric chloride needed as long a period of mixing as alum does and 
possibly even longer. It would appear that the sedimentation rate 
in a clarifier would favor ferric chloride but a 6 m.g.d. plant to secure 
90 percent removal of suspended solids should have a clarifier 69 
instead of 50 feet square as at Wilmington. 

In the filters the sand growths became troublesome unless close 
attention was paid to periodic heavy chlorination of the sand beds. 
Every eight to ten days at Wilmington it was necessary, after 
cleaning a filter, to add chlorine at a rate of 1 pound per 24 square 
feet of sand surface by applying it to the inlet water until an 0.8 p.pm. 


TABLE 2 
N pH WILMINGTON WATER PH AQuepuct WATER 
ce. 
-ffis . ol. gait ibe 55 
Ag Jot au od baw 
4.5 
10V dl sat to tle 2.8 


residual appeared at the outlet and permit a contact period of ten 
minutes. 

Experimental plants are of value only when the operation data 
in connection with them are complete and accurate in every detail. 
Otherwise, as in this case, errors in judgment necessitate costly altera- 
tions to bring the plant back to nearly standard design. An experi- 
mental plant definitely establishes what type of coagulant is best for 
any particular water under consideration. 

The Wilmington plant was discontinued in October, 1935, on 
completion of a line from the main portion of the City since supplying 
the harbor area with aqueduct water. Capitalized operation costs 
of the Wilmington plant, together with the proposed 15 m.g.d. plant 
at Lomita, were sufficient to pay off the entire inv —T of the 
harbor aqueduct line in three years’ time. 
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ptr ne DENVER’S WEST SIDE FILTER PLANT 
By L. R. Howson 
iT (Alvord, Burdick & Howson, Engineers, Chicago, Ill.) 


Chicago had its ‘‘Century of Progress.” With respect to filtration, 
Denver illustrates a “half century of progress.” Filtration was 
started at Denver when there were only about 1 per cent as many 
filter plants in the United States as there are today. The New West 
Side filter plant is the fifth step in Denver’s filtration development. 
The Denver situation is unique in that the four former steps are all 
in operation at the present time. 

The first plant built was of the English type consisting of 103 acres 
of slow sand filters located at Kassler some 20 miles south of Denver 
on the South Platte River. These filters, built soon after 1890, have 
treated up to 30 m.g.d. of Platte River water. A few years later the 
first mechanical or American type filters were installed at Willard 
and South Marston. These were of the tub type and at normal 
water works rating have capacities of approximately 12 and 16 m.g.d. 
respectively, although they have frequently been operated at rates 
about 50 percent greater. These filters operate without mixing or 
coagulation, but ordinarily receive a fairly clear raw water which has 
had a lengthy period of plain subsidence in Platte Canyon Reservoir 
or Marston Lake. These filters of wood construction have outlived 
practically all of their contemporaries but have been maintained in 
service by good maintenance, assisted by liberal application of tin 
patches, 

The North Marston plant,—the fourth built—has a nominal 
capacity at 2 gallons per square foot per minute of 50 m.g.d., but was 
designed for 70 m.g.d., using anthracite coal filtering medium of 
approximately 0.6 millimeter effective size and 1.85 uniformity coeffi- 
cient. The water reaching these filters is aerated, has rat in- 
adequate mixing facilities and practically no sedimentation. ae me 

ADDITIONAL FILTRATION CAPACITY REQUIRED it state 

The antiquity of the tub filters and the growth in water demands 

have indicated the necessity of greater filtration plant capacity. By 
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1950 it is estimated that the maximum day’s use of water in Denyer 
will be approximately 157 m.g.d. Certainly prior to that time Wi. 
lard and South Marston filters with an aggregate capacity of approxi- 
mately 30 m.g.d. will have gone out of service, leaving only North 
Marston and Kassler filters, and the infiltration galleries. Adgj. 
tional capacity of 50 to 60 m.g.d. is indicated as necessary at that 
time, which for purposes of design is taken as the present. This 
capacity is being provided in a new plant known as the West Side 
filter plant built in conjunction with the Moffat Tunnel water diver. 
sion project. A description of the new plant will be better under. 
stood if preceded by a general discussion of the conditions under which 


it will operate, which of course influenced the design. 


val 1a) ab 
§$OURCE OF SUPPLY FOR WEST SIDE PLANT 


Up to the present time Denver has secured its entire water supply 
from the east slope of the Rocky Mountains. It has long been reeog- 
nized that Denver’s future growth would be largely determined by its 
water supply policies. Certainly if Denver did not provide an 
adequate water supply it would never need it. The capacity of the 
South Platte development is approximately 80,000 acre feet per year 
which is barely adequate to supply the present population of approxi- 
mately 338,000 people, as evidenced by the fact that on about three 
years out of four in the last decade it has been necessary to place 
restrictions upon water use in Denver. The Moffat Tunnel diversion 
fully developed will approximately double the present supply. 

The raw water supply for the New West Side filter plant will come 
from the Fraser River diversion, the physical and climatic conditions 
surrounding which materially affect the plant design. The West 
Slope water has a hardness of less than 2 grains per gallon as con- 
trasted to the average hardness of the present Platte River supply of 
from 7 to 8 grains per gallon. It is estimated, based upon the excel- 
lent studies of Buswell and Hudson as reported in THE JOURNAL 
(1932) that the saving in use of soap alone resulting from the substitu- 
tion of West Slope water for Platte River water will be equivalent 
to approximately $9.00 per acre foot, or $225,000 per year. Inas- 
much as the sale or exchange value of the West Slope water for irriga- 
tion purposes is but approximately $2.00 per acre foot, the problem 
becomes one of so coordinating water requirements, the fullest 

utilization of direct flow water rights, storage reservoir capacity on 


the East Slope and filter plant capacity as to develop most econom- 
ically for public use the maximum amount of West Slope water. 
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The average annual use of water in Denver is equivalent to approxi- 
mately 65 m.g.d. (190 g.p.c. per day). During the irrigation season 
the use averages about 50 percent greater than for the other eight 
months with weeks at a time substantially 200 percent of the annual 
average. Fortunately the four months of greatest use for irrigation 
are also the four months of greatest run-off from the West Slope. The 
natural flow of the Fraser River resulting from melting snow at 
altitude exceeding 9,500 feet above sea level occurs most largely 
during the four irrigation months. The snow in effect, therefore, 
provides reserve storage for peak water supply demands of Denver. 
During the summer irrigation season when West Slope water is 
flowing through the Moffat Tunnel, the New West Side filter plant 
will be operated at maximum capacity. During the remainder of 
the year the plant will be supplied from storage in the 12,000 acre foot 
Ralston Creek reservoir and will operate at a lower rate sufficient to 
utilize the full reservoir capacity before the next year’s diversion and 
realize the maximum savings in power now used for pumping at the 
high service stations. 
The plant location was largely determined by available topography. 
The requirements for a site combined sufficient elevation to supply 
by gravity as much of the high level areas now served by pumping 
as practicable with reasonable proximity to the high service areas. 
A very desirable site was found approximately three and one-half 
miles west of Denver between 20th and 26th Sts. The site is at such 
elevation that by incorporating in the design a liberal clear well of 
10 m.g.d. capacity and a 60-inch discharge pipe line it will be practi- 
cable to entirely close down the Ashland Avenue high service pump- 
ing station, effecting an annual saving of approximately $35,000. 
There is now under consideration the further extension of this high 
pressure main to the East Side high service area which will effect an 
annual saving in Capitol Hill and University Park station operations 
of an additional $30,000 per year. 
| DAS BAS 
The water flow to the filtration plant from Ralston reservoir some 
8.6 miles northwest is through a 42-inch reinforced concrete pipe line 
having a carrying capacity of 100 C.F.S., or about 125 percent of 
filter plant rating. The head on the pipe line at the mixing chamber 
will vary from 0 at 100 C.F.S. flow to approximately 180 feet static. 
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THAIT 


The prevention of surge in the line and flooding in the plant are 
important matters. 

The mixing chamber into which the pipe line discharges is 40 feet 
square by 15 feet deep. The water will enter this chamber at velogj- 
ties varying from 1} to 14 feet per second. Surge control is auto. 
matic through a valve of the cone plug type actuated by the water 
level in the sedimentation basins some 300 feet distant. These 
basins have an area approximately 300 feet square, which’ is the 
primary reason for choosing them for the basis of control rather than 
the relatively small mixing chamber into which the line discharges, 
A one-inch fluctuation in the basin water level control represents 
about 1} minutes at peak rates of flow. A 4-inch variation in level 
would store the peak rate for 5 minutes. As the valve would be in 
the process of closing during this interval, approximately double the 
period would be available in actual operation. With this slow con- 
trolled operation little, if any, surge is anticipated. However, asq 
precautionary measure, the inlet side of the cone valve is provided 
with two 8-inch automatic pressure relief valves which are so con- 
nected as to discharge freely into the mixing basin. Their operation 
will so relieve the pipe line as to keep the head within the static 
range. 

In order to provide against cavitation in the partially closed cone 
valve with the flow at high velocities, an equalizing pipe is connected 
from the mixing chamber to the inlet side of the valve. 

The topography of the site selected is such as to lend itself to an 
economical plan for the present 56 m.g.d. construction, as well as for 
future enlargement to double that capacity. The city purchased a 
40 acre tract. The topography is generally rolling with an average 
slope of 5 feet per hundred. The slopes are fully utilized by locating 
the settling basins on the higher ground filters adjacent and with 
clear water reservoir on the lower ground, all structures being designed 
substantially so as to have all foundations on original ground and to 
balance cuts and fills. The settling basins, clear water reservoirs, 
wash water tank and dirty wash water cistern are entirely under- 
wi MIXING FACILITIES il 
_ Mixing will be in two steps, first a rapid and then a slow mixing. 
The rapid mixing will be effected in a chamber 40 feet square by 15 
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feet deep immediately adjoining the head house and chemical feed- 
ing facilities. Mixing will be accomplished by the swirling action 
created by the tangential entrance of the influent water at high veloc- 
ity. At plant rating the quick mixing chamber will provide about 4 
minutes retention. 

The type and character of mixing are designed with relation to the 
water to be treated. The Fraser River water is very soft, carries 
little turbidity and reacts very slowly with alum and lime. Experi- 
ments in the laboratory showed that with mixing of from 10 to 15 
minutes only a fine pin floc was formed, but that if the mixing period 
were extended and stirring provided for longer periods, the floc 
coalesced, and for periods in excess of 30 minutes a good quick settling 
floc was produced. Accordingly, the plant design provides for a 40 
minute slow mechanical stirring by flocculating equipment of the 
Dorr type. The peripheral velocity of the paddles will be approxi- 
mately 1} feet per second. 

The flocculating and sedimentation basins are in one structure of 
three compartments, each approximately 90 by 290 feet in plan and 
15feetin depth. Three hours of quiescent settling follows 40 minutes 
of slow stirring. The velocity of flow through the basins will be 
approximately 14 feet per minute. The basins are of the straight 
flow through type with a baffle provided midway of the tank, so 
constructed that all water is required to flow over the top of the 
baffle, in effect dividing the settling basin into two substantially 
equal compartments operating in series. This design is provided to 
obviate short circuiting and facilitate settling. 

The combined flocculating and sedimentation basins are of the 
flat slab box type of construction. The roof is covered with one foot 
of earth for protection of the concrete and with ventilating and access 
manholes at convenient locations. 

The water enters the flocculating end of the basins through a rec- 
tangular closed channel in the roof of which there is an inclined slot 
extending the entire width of each of the three basins. The water 
passes from the closed conduit to the basins through this slot which 
is so inclined as to deflect the current backward. The width of the 
slot is so designed as to effect uniform distribution across the width 
of the basin. 

The outlet is somewhat similarly controlled. The upper compart- 
ment of the outlet duct extends entirely across each basin with a 
submerged weir of uniform cross section extending the entire width 
as well. At the center of each basin is a downdraft sluice gate con- 
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trolled through which the settled water discharges into the lower 
outlet conduit. Uniform distribution is therefore effected through 
submerged weirs for both the inlet and outlet to the basins assisted 
by the intermediate baffles. 

Particular attention is directed to one part of the specifications for 
the basins which requires that as soon as excavation is down to grade 
the top of the finished subgrade must be covered with a skin coat of 
concrete, a minimum of #-inch in thickness. This insures against 
subsequent disturbance of the subgrade and prevents settlement 
from that cause as well as providing a clean base upon which to place 
steel and perform subsequent operations. Observation at the West 
Side plant and on other work where this practice has been followed 
indicate that the additional cost, which is slight, is well justified, 
The contractor in this case states that he would install such a skin 
coat on the next job of this type whether or not it was specified or 
paid for. 


From the sedimentation basins the water passes to the filters 
through a 72-inch conduit to a connection with the raw water channel 
at the end of the pipe gallery furthest removed from the head house, 
This same conduit will carry the water for delivery in two directions 
when the filter plant capacity is double. 

The filter plant consists of ten units, each having a capacity of 4 
m.g.d. at normal water works rating of 2 gallons per square foot per 
minute. With the excellent character of water and the complete 
pre-treatment facilities provided, the design rate has been stepped 
up to 2.8 gallons per square foot, giving a normal rated plant capacity 
of 56 m.g.d. 

The filters are what is ordinarily termed the central gullet type in 
which each bed essentially consists of two units, each having a capac- 
ity of 2.8 m.g.d. <A single set of control valves, however, operates 
both sides of the unit having a total capacity of 5.6 m.g.d. 

Laterals are of cement lined cast iron pipe 4 inches in diameter 
spaced at 9-inch centers and with ;% inch holes in the bottom at 
9-inch centers. 

The gravel bed is somewhat deeper than ordinary and more closely 
graded. The gradation in sizes is that developed simultaneously for 
both the Milwaukee and Denver plants. It consists of five layers 
having a total depth of 24 inches, varying in size from 2} to 1} inches 
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in the bottom layer to ¢ to § inch at the top. On top of the gravel a 
5-inch course of torpedo sand will be placed and on top of that 22 
inches of filter sand specified to have an effective size from 0.45 to 
0.50 millimeter and a uniformity coefficient of 1.25 to 1.50. 

Troughs are of reinforced concrete so spaced as to require a maxi- 
mum horizontal flow of water of 23 feet. All valves are hydraulically 
operated from a central control table. Each table is provided with a 
floc detector of the Baylis type and each hydraulic valve control will 
be provided with an illuminated precision indicator to show corre- 
sponding position of the valve or sluice gate. 

Raw water and wash water meters are provided. Venturi type 
controllers are installed on each filter unit and a master control for 
the combined flow from all units. 

All water level and flow indicating registers and dials are assembled 
in a central location convenient to the office, chemical feed and filter 
operating gallery. All dials on the individual operating tables, at 
the gauge panels, and on all chemical feeding machines are illu- 
minated. 

The pipe gallery is unusually commodious and provides free access 
toall valves and piping. This is partly accomplished through placing 
the main effluent collecting conduits outside the gallery under the 
filters and by placing the raw water waste discharge conduits at the 
rear of the filters. 

The specifications require that wherever the excavation is carried 
below the finished grade upon which concrete is to be placed, the area 
so excavated must be filled with Class B concrete placed at the ex- 
pense of the contractor. 

Excavation beneath the top soil, was in a firm gumbo or adobe type 
of soil excellently adapted to carry the relatively uniform light 
loading of structures of this type. The soil loadings under most of 
the plant vary from } to 1 ton per square foot. Earth under column 
footings carrying concentrated loads is loaded to 2 tons per square 

> 

Chemicals will be brought to the plant by truck, unloaded inside 
the building and raised by electric elevator to the chemical storage 
floor which is the third floor of the head house. From that point 
chemicals will be fed by gravity. Chemical weighing and feeding 
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HOWSON 
powdered activated carbon, ammonia and chlorine with points of 
application so laid out as to give the maximum flexibility and rp. 
liability in plant operations. Feeding equipment for dry chemicals 
is of the gravimetric type by which the rate of chemical feeding ig 
controlled by synchronous motor driven weights on the scale arm. 
Chlorine and ammonia machines will be housed on the second floor 
in separate rooms provided with exhausters for operation in cage of 
emergency. Chlorine will be fed from ton containers. Chlorine and 
ammonia containers will be stored on the first floor of the building 


directly underneath the feed machines. 


CLEAR WATER RESERVOIR 
The’ topography of the filter plant site lent itself to a design by 
which the filter floors were built directly on the excavated ground 
thus obviating the heavy design for 1,000 pounds per square foot 
loading required where built above the clear well as is frequently 
done. The clear well is built independent of the filter plant proper, 
The effluent from the several filters discharges into two rectangular 
conduits each 6 feet by 7 feet, one located each side of the pipe gallery 
and directly under the front of the filters. These conduits converge 
into a 6-foot concrete conduit discharging into the 10 million gallon 
clear water reservoir, the size of which is partly determined by the 
requirements of high level storage in the Ashland Ave. and Capitol 
Hill districts. The clear well is in two compartments, and is entirely 
covered with earth and so located as to approximately balance cuts 
and fills. Its design is similar to that of the sedimentation basins 
thus permitting a maximum re-use of forms on the two structures 
which were built under one contract. Roof is of flat slab 
construction. 


ft WASH WATER CISTERN 


In view of the fact that the filters will be washed at rates as great as 
approximately 70 cubic feet per second (equivalent to 36 inches rise) 
and the fact that disposal of wash water must be in one of the local 
irrigation ditches of limited capacity, it has been necessary to installa 
wash water detention basin. This basin is located immediately in 
front of the filter building entirely underground. It is 50 feet square 
by 12 feet deep sufficient to hold approximately two complete filter 
washes. Outlet from the cistern is to the Agricultural ditch through 
a 20-inch pipe line. During the summer the wash water, amounting 
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to approximately 1} million gallons per day, will be disposed of for 
irrigation purposes. During the winter when there is no water in the 
ditch and freezing would result from the disposal of filter wash water 
in the ditch, it is planned to pump the dirty water back to the mixing 
basin and thus through the plant. During the winter the wash 
water will amount to but from 100,000 to 200,000 gallons per day. 
The sedimentation basins will store the wash water deposits until 
spring when it is practicable to discharge to the ditch. 

Wash water storage is provided in a reinforced concrete reservoir 
located on the highest ground on the site approximately 40 feet 
above the filter level. This tank stores 225,000 gallons underground. 
Connection between the wash water tank and the pipe gallery is 
through a 36-inch pipe. 

The concrete has been of uniformly high quality. It was specified 
as consisting of one sack of cement to 190 to 245 pounds of sand, and 
from 325 to 380 pounds of gravel or crushed stone, mixed with 50 to 
60 pounds of mixing water, and a total maximum of 600 pounds of 
aggregates per sack of cement. The concrete was specified with a 
minimum compressive strength of 3,000 pounds per square inch in 
28 days. The strength of concrete as placed has been tested through- 
out. In the 114 twenty-eight day specimens tested the average 
strength has been 4,820 pounds per square inch with only one speci- 
men below 3,000 pounds and that a specimen on which the 7 day and 
28 day tests both were recorded as 2,820 pounds. As the 7 day test 
was near the average of all of the 7 day tests, the 28 day test is indi- 
cated as not consistent. The average of the 7 day tests was 3,100 
pounds per square inch. These specimens for test were compacted 
by rodding only. As the concrete in the structures is compacted by 
spading, tamping and electric internal vibrators, it is believed to be 
of even greater strength than indicated by the test cylinders. 

The reinforced concrete design is based upon 850 pounds per square 
inch stress in the concrete and 18,000 pounds per square inch in the 
reinforcing steel. As the concrete tests show an average 28 day 
strength of 4820 pounds per square inch and the steel is of hard grade 
with elastic limit exceeding 50,000 pounds per square inch it is evident 
that very liberal factors of safety ‘were embodied in the design. 
Under similar specifications on the 200 m.g.d. filter plant for Mil- 
waukee where larger quantities and costs are involved, the unit 
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stresses adopted are 1000 pounds per square inch for concrete and 
20,000 pounds per square inch for steel. 

Floors of basins are steel trowel finished. Roof slab surfaces ape 
wood floated. 

After placing concrete was kept wet for three weeks during curing 
Floor and roof concrete was flooded behind low earth dikes. Walls 
were kept well sprinkled. Although there are no expansion joints, 
all structures being completely monolithic, careful inspection shows 
uniform.curing with freedom from shrinkage cracks. 

The 12,203 cubic yards of concrete placed under contract No. 10 
required 19,154 barrels of cement, the average of 1.57 barrels per cubic 


EQUIPMENT 

The flow through the plant and to the city is entirely by gravity, 
However, it is necessary to pump the wash water and at certain 
seasons of the year to return the dirty wash water to the sedimenta- 
tions basins. For this purpose there are provided three wash water 
pumps, each having a capacity of 5m.g.d. The clear water pumps 
take suction from. the clear well and discharge to the wash water 
main and thus to the wash water basin. The dirty wash water 
pumps take suction from the wash water cistern and discharge to the 
rapid mixing chamber. All pumps are located underneath and in an 
extension of the pipe gallery in a very compact and economical layout. 


SUPERSTRUCTURE 


The superstructure is constructed using a local grey brick with 
stone and terra cotta trim. The building is 104 feet by 270 feet in 
plan dimensions. That part over the filters is but one story high. 
The head house is three stories in height. That part of the building 
over the filters is lighted solely from skylights and the operating 
gallery monitor. The exterior walls resemble a panelled garden wall 
perfectly blank so far as openings are concerned. Light for the 
individual filters is provided through a skylight over each filter 
having an area equivalent to approximately 20 percent of the filter 
surface. 

The roof over the filters is of reinforced concrete on structural 
steel beams. Each filter area‘ approximately 44 feet by 36 feet 8 
inches is entirely unobstructed by columns. The concrete roof is 
covered with 1}-inch cork insulation to reduce condensation as well 
as conserve heat. 
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VOL. 2 
nd Office, laboratory and all chemical feed and control apparatus are 
conveniently centered to facilitate operation with a small personnel. 
are The interior of the filter room is of gray pressed brick the same as the 
exterior, with the exception of the operating gallery aisle, which is of 
Ig. terra cotta. The roof of the operating gallery, which is 20 feet in 
Ils width, is of vaulted ceiling type held by longitudinal beams and struts 
ts, of reinforced concrete constructed above the roof line, acting as ties. 
NS The inside of the ceiling is entirely plain. 
Heating is installed as a part of the operating table assembly. 
0 Heat will be provided by a stoker fired coal burning boiler. The 
ic operating gallery has a high parapet and low curtain wall to minimize 
convection currents, thus reducing heat losses and condensation to a 


n Facilities are being provided for convenient sprinkling of about 15 
: acres of the grounds through an underground distribution system 
r with fixed valved connections and portable nozzles. This system 
will be laid so as to drain during the winter. Raw water will be used 


for sprinkling, utilizing the excess head above the regulating valve in 
| the 42-inch pipe line from Ralston reservoir. When the filter plant 
| is operating at capacity, approximately 25 to 30 pounds pressure will 
be available at the sprinkling nozzles. There will be approximately 
150 fixed outlets for which 20 portable spray nozzles will be provided. 


COST 


All of the filter plant construction has been placed under contract 
with the exception of outside piping. The contracts let to date are 
as follows: 


No. 10—Sedimentation and clear water basins............. $274,950 
Cement furnished by City................-:ee-eeees 45,778 

4,330 
$821,068 


The outside piping contract (not yet awarded) is estimated at 
$44,000 making a total cost of the filter plant, exclusive of engineering 
and land, approximately $865,000, or the equivalent of $21,600, per 
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million gallons based upon normal water works rating of 2 gallons 
per square foot per minute, or $15,500 per million gallons, based upon 
the design rating of the plant. 


PERSONNEL 


_ The Moffat Tunnel project of which the West Side filter plant ig q 
part, is being executed under the direction of the Board of Water 
Commissioners—Col. Herbert 8. Crocker, Consulting Engineer, in 
charge. Alvord, Burdick and Howson prepared the plans ‘and 
specifications for the West Side filter plant with Victor A. Matteson 
associated on architectural design. 
(Presented before the Rocky Mountain Section meeting, September 
23, 1936.) 
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SUPERVISION OF CROSS-CONNECTIONS BY THE 
NEW JERSEY STATE DEPARTMENT 


Fete 


By J. B. Baty 
(Assistant Sanitary Engineer, State Department of 
a Health, Trenton, N. J.) 


In approaching the subject of cross-connections in public water 
supplies, it is with a belief that water works officials, and others 
associated in the water works field, are more or less familiar with 
the potentialities involved, that is, the advantages gained through 
flexibility of operation but more frequently the risks and hazards 
to public health produced. The matter of cross-connections is by 
no means a new issue. It attained national recognition in water works 
practice and public health supervision of public potable water sup- 
plies many years ago. It has remained, nevertheless, a live issue, 
growing in importance, with various national, sectional and state 
organizations and associations of persons engaged in water works 
and public health activities intensely interested in the sanitary pro- 
tection of public potable water supplies. Departments of health 
of the various state governments, equipped with legal authority, 
have not been idle in the performance of duty in regard to this im- 
portant phase of public health protection. 

For purposes of clarity, it is important to define cross-connections 
or physical connections as they are referred to in this paper. The 
New Jersey State Department of Health has established that 


“‘A physical connection shall be considered as any cross-connection, by- 
pass, valve, pipe line, auxiliary intake, or other similar device which permits 
or may permit any flow of water into an approved public potable water supply 
from any other water supply unapproved by the Department of Health of the 
State of New Jersey, or any source of water supply not fully treated in accord- 
ance with the terms of the provisions of the permit issued for or the rules and 
regulations governing the supplying of such water for public potable purposes 
by the Department of Health of the State of New Jersey.”’ 


A committee appointed by and reporting to the American Water 


Association i in 1933, the purpose of its stated, 
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1886 J. B. BATY [J. A. W. 
that “‘A cross-connection may be defined as any aud connection 
by means of which water may flow between a public or private pot. 
able supply and a non-potable supply.” Many other organizations 
and associations have established definitions of cross-connections or 
physical connections, all of which have a common underlying prip. 
ciple. 

Just as there are several purposes served by a public water supply 
aside from domestic consumption, there are several reasons for the 
existence of physical or cross-connections between public water 
supply systems and sources or systems of private water supplies, 
Probably, the two examples of cross-connections which have beep 
most prominent and most common in this state are: a connection 
between a public potable water supply and a private non-potable 
supply, arranged to permit the use of either or both for industrial 
purposes; and, a connection between a public water supply and a 
private fire protection system, which permits the public supply to 
maintain pressure on sprinklers and hydrants at all times while the 
private supply, through the medium of a fire pump or elevated tank 
comes into service only at times of fire or test. The advantages to 
the owners of the cross-connections in these cases are obvious. In 
the former case, a non-potable supply is frequently satisfactory for 
manufacturing purposes and can be obtained at a very low cost in 
comparison to the greater cost of the public supply; consequently, 
when an abundant supply is required in manufacturing, economy 
justifies the use of the non-potable supply. It is desirable, however, 
to hold the public supply in reserve in case of a breakdown or other 
emergency. On the other hand, if the public supply is depended 
upon for industrial and manufacturing purposes, any interruption of 
an adequate public supply might cause serious damage to stock or 
equipment. In the second case, a cross-connection existing for fire 
protection purposes due to inadequacy of either the public supply 
or the private supply in the matters of pressure and volume avail- 
able, needs little explanation. Should a serious fire occur at an 
industrial plant, the combined supplies, public and private, might 
be required. Undoubtedly, a dual source of water supply at any 
large premises produces lower fire insurance rates. 

Within the last two decades the problem of cross-connections has 
received more attention in public health circles and in water works 
practice, resulting in tremendous improvements in the safeguarding 
of water supplies used for domestic purposes. The economical 
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advantages to be gained by cross-connections should not even be 
considered at the expense of the health of the populace. The hazard 
to public health produced by the possible infection of public water 
supplies with water from polluted sources through faulty or unpro- 
tected cross-connections, with a consequent epidemic of a water- 
borne disease, supports the abolishment of all cross-connections with 
non-potable supplies. A study by two eminent investigators, 
Wolman and Gorman, on this subject, entitled ‘“The Significance of 
Water-borne Typhoid Fever Outbreaks, 1920-1930” disclosed that 
unprotected cross-connections as a cause rated first in the number of 
cases of typhoid, second in the number of outbreaks, fourth in the 
number of dysentery cases and fourth in the total number of typhoid 
and dysentery cases. 

An act of the New Jersey legislature entitled: “An Act to secure 
the purity of the public supplies of potable waters in this State,” 
approved March 17, 1899, originally authorized that 


“The State Board of Health shall have the general supervision with ref- 
erence to their purity, of all rivers, brooks, streams, lakes, ponds, wells, 
springs or other reservoirs in this state, the waters of which are, or may be 
used as, the source or sources of public water supplies for domestic use, 
together with the waters feeding the same, and shall have the authority, from 
time to time, as they deem necessary or proper, to examine the same and to 
inquire what, if any, pollutions exist, and their causes;...”’ 


A supplement to this act, approved April 21, 1909, further set 
out that 


“No person or corporation now or hereafter engaged in the distribution 
or sale of water for potable purposes shall deliver to any consumer any water, 
which, in the opinion of the Board of Health of the State of New Jersey, 
is polluted, contaminated or impure, or which is obtained from any source 
which, in the opinion of the Board of Health of the State of New Jersey, is 
or may become polluted, contaminated or impure, unless purification by 
filtration or other means acceptable to the Board of Health of the State of 
New Jersey shall be accomplished before such water is distributed.”’ 


Other subsequent supplements, amendments and acts added to 
the duties of the State Board of Health and its successor, the State 
Department of Health, relating to the protection of the purity of 
public potable water supplies. The State Department of Health, 
in the discharge of these obligations, imposed by law, has investigated 
and continues to investigate any possible sources of pollution or 
contamination to public potable water supplies. It is not unmind- 
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ful of the other purposes to be served by public supplies of water, 

‘ however, believing that the deliverance of pure water for human 
eae _ consumption takes precedence over all other purposes, the depart. 
ae ‘ment set out to curb cross-connections to public water systems, |f 
6 ss was impelled to this end by two notable examples in this state of 
cross-connections would do. 

In 1922, polluted water from the Wallkill River at Franklin, New 
jase _Jersey entered the potable water distribution system through a leaky 
a Be single check valve during a test of the fire pumps. The New Jersey 

_ Zine Company, who owned the water supply system, spent a large 

- amount of money each year to filter and chlorinate a surface water 

% supply, making it absolutely safe for potable purposes. Water was 

' analyzed frequently, establishing proof that the regular supply was 
beyond suspicion. The mere leakage of a single check valve connee- 
tion with an unapproved supply defeated the extreme care given to 
‘the operation of the approved supply and caused an epidemic of 
typhoid, consisting of 114 cases and resulting in 18 deaths. 

At Rockaway, New Jersey, in 1923, a defective single check valve 

was discovered and from convincing information obtained it was 
concluded that the temporary greater pressure on a certain fire 
supply system caused the water from the fire supply to flow into 
the municipal water system. The fire supply was polluted by the 
effluent of a septic tank which received excretions of a typhoid car- 
‘Tier. Forty-one cases of typhoid and 4 deaths resulted. 

The New Jersey State Department of Health continued in its en- 
-deavors to eliminate these hazards to public water supplies which 
supplies in other respects were well protected and safe for domestic 
use, and, conformed to all requirements under existing legislation. 
Finally, on October 6, 1925, the New Jersey State Department of 
Health adopted a preamble and resolution upon the use of cross 
connections, which was later amended as to the date of continuance. 
Copies of the resolution were sent to water companies and munici- 
palities serving water for potable purposes. It placed the depart 
ment on record as opposing cross-connections of any kind, permitting 
the continuance of cross-connections until January 1, 1928, provided 
such cross-connections were equipped with double check valves of 
the Special Factory Mutual design or equivalent. In order to en 
force the discontinuance of cross-connections, an amendment to the 
Sanitary Code, calling for such action, was presented to the Members 
of the Department of Health at a meeting in April, 1927. The matter 
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ter, was laid over for further consideration and a hearing was scheduled 
naa for June 7, 1927. Representatives of the Manufacturers Association 
art of New Jersey, various industrial plants, municipal water depart- 
It ments and water companies in New Jersey were invited to attend 
of the hearing. Only one side of the question was presented—the fire 

protection side. About twenty persons entered their protests 
lew against absolute elimination of cross-connections, stating that it 


would be a great hardship on the manufacturers of New Jersey if 
ney such procedures were carried out. At the meeting in January, 1928, 
rge it was recommended that the matter of cross-connections be held in 
ter abeyance until the June meeting of the department and that mean- 
vas while the new improved all bronze double check valve be investi- 
a gated. The device was investigated and tested by representatives of 
ol the Bureau of Engineering of the Department of Health. The en- 
to gineers were satisfied with its performance and concluded “that with 
of frequent inspections and careful maintenance the double check valve 
of the all bronze type, located on cross-connections, will afford reas- 
ve | onable protection against pollution of the potable water supplies.” 
" Ultimately, after very careful consideration, a resolution was 
ny adopted by the New Jersey State Department of Health at a meeting 
to held on September 18, 1928 providing for the addition of a new chap- 
he ter, Chapter 13, to the State Sanitary Code. The new chapter, 
entitled “Certain Physical Connections Upon Public Potable Water 
Supplies Pronibited”’ included beside the definition of a physical 
connection, which was recited in the first part of this paper, the 
following regulation, 


“Regulation 2. That after April 1, 1929, physical connections shall not be 
permitted, except where such physical connections existing on April 1, 1929, 
include two all bronze check valves with rounded rubber facing, two gate 
valves with indicator posts or rising stems and drip cocks and gauges for 
testing, and such physical connection is located in a vault or pit of water- 
tight construction readily accessible for inspection; and, 

“Provided, That the application for the continuation of such a physical 
connection is made to the local board of health having jurisdiction and is 
approved by such local board of health, the date of continuance may be 
temporarily extended by the Department of Health of the State of New 
Jersey.’’ 


Se" 


The all bronze double check valves referred to in the State Sani- 
tary Code and in this paper are of the type developed by the Associ- 
ated Factory Mutual Fire Insurance Companies, generally called 
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- the Factory Mutual or F M. type. Over twenty years ago, the 
Factory Mutual Companies designed a special double check Valve 
_ equipment for fire service cross-connections. The check valves were 
made with bronze working parts and rubber facings so that they 
ee 4 would have tight seats. Then for each equipment two of these 
ee  — were put in series, thus greatly increasing the efficiency, ag 
- = probability that both would leak at the same time was extremely 
remote. The two check valves were installed between gate valves 
in a pit, where they were readily accessible for examination. |p 
addition, the check valves were provided with pressure gages and 
test cocks so arranged that the tightness of each check valve could 
_be verified in a few minutes. Only a few years ago the device was 
improved by making the double check valves with bodies and covers 
of bronze so that all iron would be eliminated and the accumulation 
of rust avoided. 
In considering the legal aspects of Chapter 13 of the State Sani- 
tary Code, it should be pointed out that the code is not a law, how- 
ever, it is authorized by law. An act of the legislature entitled “An 
Act to increase the efficiency of public health protection in this State, 
to abolish the State Board of Health, and to create a State Depart- 
ment of Health and to prescribe and define the powers and duties of 
such department,’’ approved April 14, 1915 authorized that the 
Department of Health “shall enact a State Sanitary Code, which 
shall contain such rules and regulations, the observance of which, 
in its opinion will promote health and prevent disease.’”’ The provi- 
sions of Chapter 13 are statewide in scope and there is no fine con- 
nected with the violation of its provisions. Since actual cases are 
on record in this state where cross-connections have proved to bea 
menace to health, as referred to previously in this paper, it is the 
firm belief of the Department of Health that the enforcement of the 
provisions of Chapter 13 of the State Sanitary Code would be sub- 
stantiated in court proceedings when and if necessary. 

Following the enactment of Chapter 13, at a meeting of the New 
Jersey State Department of Health, held on October 30, 1928, the 
procedure for making application for an original permit to maintain 
or establish a physical connection between a public potable water 
supply and an unapproved water supply was established. This 
procedure placed the burden of responsibility of certifying, relative 
to compliance with the provisions of Chapter 13 of the Sanitary Code, 

and recommending that a permit be issued first upon the local board 


: 


of health having jurisdiction, but it also required that the applica- — a 


tion contain the recommendation of the municipal water department 


or the water company supplying the potable water. Original per- _ a 7 
mits were issued to owners of physical connections, where the proper _ igs 


protective devices were installed and the applications were properly _ 


endorsed, for a one year period ending April 1, 1930. It has been 
the policy of the State Department of Health to extend the original 
permits by issuing renewal permits for one year’s continuance on 
April 1, of each year, if the applications for such renewal permits 
bear the proper endorsements and include satisfactory information 
regarding the testing, internal inspections of the check valves and 
the results of such tests and inspections. Most local boards of 
health provide at least a quarterly test of the installation and at 
least an annual inspection of the interior of the valves. 

The requirement of the State Sanitary Code for the installation of 
the special protective devices, in order to continue physical connec- 
tions which were in existence on or before April 1, 1929, almost 
automatically eliminated many such connections in this state. In 
many cases they were not absolutely essential, but retained as a 
matter of convenience. The service, however, did not warrant the 
expensive installation of the all bronze check valves. 

There are several methods for eliminating physical or cross-con- 
nections and yet be benefited by dual water service. One method, 
frequently suggested by the State Department of Health, where 
pumping is employed only in part, is by means of an elevated tank 
or standpipe. The unapproved supply can be pumped either directly 
to the private distribution piping or to the tank, and the potable 
water may be supplied to the elevated tank or standpipe through a 
separate pipe terminating in an open end above the highest level 
which the unapproved supply can reach. A sufficiently large over- 
flow pipe should be provided. A ball float valve can be provided 
on the potable water supply pipe if it is desired to fill the tank or 
standpipe automatically. Another method, especially adapted to 
situations where industrial water has to be pumped, is by means 
of an open tank with the fill pipe from a potable supply located 
above the overflow. The service pump can then take suction from 
the non-potable source or from the open tank filled from the potable 
supply. Another similar arrangement is for the service pump to 
draw water from a cistern or reservoir which can be filled independ- 


ently, without a cross-connection, from the potable and non-potable 
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sources. A very simple and inexpensive method of eliminating 
industrial cross-connections is by means of a flexible pipe connection 
normally attached to the piping system of one of the water supplies, 
In case of emergency, this flexible pipe can be swung over for eon. 
nection to a pipe of the other supply. The inlet end is conneeted 
by a union to either the normal or emergency water supply system 
and the discharge end is connected by a standard ball joint to the 
distribution piping of the mill. By this method of elimination, either 
one of the water supplies may be used but not both at the same time. 
Because of this feature, the swinging joint is not suitable for the elimi- 
nation of fire service cross-connections. The arrangement is especi- 
ally adapted to situations where the two supplies are under pressure 
and do not require pumping. 

There are at present 142 establishments in New Jersey continuing 
cross-connections under permits issued by the State Department of 
Health. The Department is far from being certain that these pér- 
mits cover all of the cross-connections still existing in the state, 
However, as soon as the existence of one is brought to the attention 
of the department, steps are taken to cause its elimination, or if it 
were in existence on or before April 1, 1929, to issue instructions 
relative to the proper procedure in compliance with the State Sanitary 
Code if it is desired to continue the connection. In the matter of 
discovering isolated and unprotected cross-connections, which are 
a violation of the State Sanitary Code, the State Department of 
Health is dependent upon, to a great extent, the local authorities, 
both the local boards of health and the water departments or water 
companies. 

Within the past twelve months, the department in codéperation 
with a certain local health officer in the state investigated and dis- 
covered five cross-connections between the public potable water 
supply in a municipality of the state and separate ‘private hotel 
supplies. Through the coéperative efforts of the State Department 
of Health, the local board of health and the local water purveyors, 
all of the five cross-connections were eliminated. 

Frequently, when the matter of a violation is brought to the atten- 
tion of the owner of a cross-connection and he is familiarized with 
the regulations relating to the same, it is his desire to have the depart- 
ment issue an approval of the private supply. In some cases, pat- 
ticularly where the private supply is derived from a deep well and the 
entire system is, apparently, amply protected, the quality of the 
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private supply is not particularly questioned; however, the depart- 


: ment could not recognize the supply as a source of potable water 
8 unless it came directly under the department’s constant supervision. 
" Such supervision of private supplies is without legal background. 
d The State Department of Health obtained an opinion from the At- 
m torney General of the State in the matter or the scope of its super- 
ie vision over water supplies in the State. Based on that opinion, at 
r a meeting of the department on January 10, 1933, a resolution was 
2 adopted, defining a public potable water supply, under the health 


regulations of the department. The following extracts from that 
resolution established the department’s position relative to private 


water supplies: 


“The said Attorney General under dates of April 25, 1929 and May 8, 1929, 


B issued opinions to the Department of Health of the State of New Jersey... 
i that the Department has no jurisdiction in the furnishing of water to hotels 
, and other establishments delivering water to guests and others merely as 

an accomodation as such constitutes a private supply;...’’ It was resolved 


that ‘‘ ...it is the opinion of the said Department of Health that, in order 
for sources of water supplies to be considered as public potable supplies, they 
must represent sources of supply from which water is distributed or sold to 
consumers for potable purposes in eight or more dwellings and/or properties, 
and where water from sources of supplies is distributed or sold to less than 
said number of dwellings and/or properties such supplies will hereafter be 
considered as private sources of water supplies and which supplies come 
within the jurisdiction of local boards of health having control over the 
territory wherein such supplies are located.”’ 


As a result of discussions before the Department upon cross-con- 
nections existing in the City of Atlantic City between the established 
public potable water supply and private water supplies, including 
the private hotel supplies; and, upon the safeness of the public water 
supply, a committee of members of the State Department of Health 
met with interested citizens in Atlantic City on April 2, 1930. 

There was introduced into the discussion an “Agreement Between 
the City and Coéperative Power Plant Owners,” dated 1917, which 
referred to “Atlantic City High Pressure Fire Service.” In this 
agreement certain requirements specify that the owners of certain 
water supplies shall connect their private supplies to the city supply 
when requested by the city and to allow the city to install special 
instruments upon the private supplies. In view of this agreement, 
it was recommended: 
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That the New Jersey State Department of Health consider the aboye 
private supplies as additional sources of the public water supply of the City 
of Atlantic City; that these private water supplies be analyzed by the Tear 
ment at least four (4) times a year and be subjected to the same inspection 
control as upon the existing public supplies; that the Department of Health 
move for the abatement in Atlantic City of all other cross connections—not 
included in Recommendation No. 1—or the installation of the protectiye 
devices in accordance with Chapter 13 of the State Sanitary Code; that the 
City establish a laboratory for the examination of water, and, that the super. 
vision of such laboratory be under a man well qualified (a) in the artof 
water purification, (b) to make sanitary surveys and water analyses and 
(c) to interpret such analyses, this employee to be a ‘‘full-time’”’ man. 


The City of Atlantic City was in accord with the recommendation 
for the establishment of laboratory control and advised that they 
would move for the introduction of the necessary ordinance to carry 
out the recommendation. 

Similar situations arose in Vineland, New Jersey, and Bridgeton, 
New Jersey, wherein reciprocal agreements were drawn up between 
a certain industry in each municipality and the municipality respec- 
tively, such that in case of emergency the industries could supply 
water to the public distribution systems. In these cases it was defi- 
nitely shown that the auxiliary supplies might be needed by the 
municipalities and applications were made by the two municipalities 
to the State Department of Health for approval of the supplies, the 
source of which are deep wells, as auxiliary public water supplies. 
The approvals were issued. 

It is the desire of the State Department of Health to impress upon 
all officials of municipal water departments, water companies and 
local boards of health that the responsibilities for the existence of 

* cross-connections with the consequent hazard to public health should 
be shared with the Department of Health. The owners of protected 
cross-connections under permits are the parties benefited by such 
temporary privileges; however, the water departments or water com- 
panies derive the revenue through the sale of water to such con- 
sumers and it should be their obligation to participate in the burden 
of protecting the safe quality of their supply from the potential 
hazard of cross-connections. It is further the desire of the Depart- 
ment to point out that the provisions of Chapter 13 of the Sanitary 
Code do not compel any water purveyor or local health board to 
allow cross-connections which existed prior to April 1, 1929 and that 


the State Department of Health will not issue permits for continu- 
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ance of the cross-connections if the local officials desire to eliminate 
them and decline to endorse the applications. It is never too late 
to start an investigation for hidden cross-connections on your own 
water works system. Your codperation in locating and eliminating 
them or reporting the occurrence of them to the Department of 
Health is earnestly solicited. 

(Presented before the New Jersey Section meeting, October 23, 1936.) 
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TRON” AND MANGANESE WATER ‘al 


By Grorce E. 


City (Superintendent of Filtration, Albany, N.Y.) 


Bee _ This paper was written with the following objects in view: 

ee a (a) To call attention to the fact that manganese and iron troubles 
hee are more common than is generally supposed and that many 
as ¥ k operators have manganese in their raw waters long before 


= any indication of trouble is noticed by the consumers. 
(b) The chemistry of compounds of manganese. 
(c) Specific cases of trouble from iron and manganese. 


(d) Corrective measures. 

(e) Experience with manganese at Albany. 
* The presence of iron and manganese in a water supply is a nuisance 
and unless these compounds are removed the consumers will eventu- 
ally be put to a lot of annoyance and expense to say nothing of the 
worry and extra labor enforced upon the water superintendent and 
filter operator. 

The reactions involving iron and manganese are similar and will be 
treated as common in this paper. Manganese reactions are much 
slower than those involving iron, especially oxidation reactions, 
Where these differences are of importance they will be emphasized. 

As will be explained in the section on chemical reactions the prob- 
ability of trouble being experienced from the presence of manganese 
in a water is presaged by the combination in which it exists in the raw 
supply. If the soluble manganous salts oxidize very slowly they may 
pass intact through the purification works into the distribution system 
unless such works are designed to remove them. Generally, the 
salts oxidize either before reaching the plant or in the mains and the 
characteristic dark brown floc is precipitated. In two of the plants 
under the writer’s control the manganese oxidizes very slowly and 
one of the operators was astonished when told that his plant effluent 
contained manganese far in excess of the amount that is generally 
considered to give trouble. orto April t, 19a 
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As has been pointed out many times, the interference of manganese 
with the ortho-tolidine reaction has been the means of warning many 
an operator of the presence of manganese in the raw water. Although 
such interference is the rule, many instances occur where it exists in 
the soluble bicarbonate or manganous hydrate form so that in the 
cold very little reaction takes place with the hydrochloric acid of the 
tolidine reagent and as a consequence no chlorine is produced to give a 
false endpoint. 

With the introduction of the vacuum type chlorinator a most 
potent means of identifying the presence of manganese was estab- 
“ lished. The minutest traces of manganous compounds are oxidized 
y and deposited as a telltale brown film on the inside of the glass jar. 
, Even at Albany where the manganese oxidizes with difficulty its 
presence is always indicated by this means. 

When unoxidized manganese enters the mains the tendency is for 
it slowly to oxidize and precipitate. This may take in some instances 
as long as two months, in other cases even longer. The troubles as 
finally developed may be classified as follows: 

(a) Formation of dark colored deposits in pipe. 

(b) Formation of dark spots on white toilet fixtures and on white 
ttt fabrics undergoing the process of washing, as water contain- 
- i ing manganese when mixed with a strong alkali secretes 

bd manganese dioxide under the influence of oxygen. 

(c) In paper mills brown spots are formed on the stock. In 
pent breweries the fermentation is disadvantageously affected; 


out while in dye-works the color becomes spotty. 


CHEMISTRY OF COMPOUNDS OF MANGANESE 


In reading the various papers on manganese the writer has always 
been impressed with a desire to review his chemistry, particularly with 
reference to manganese reactions. These are especially troublesome 
for the reason that it is bonded with some atoms of some substances 
by one link and with others by two links. Thus, the manganous 
series of salts may be regarded as bivalent and the manganic as 
trivalent. 

Manganese resembles chlorine in that it forms a series of oxides 
and acids. It also plays the part of a base-forming element and in 
this capacity forms the two series of manganous and manganic com- 
pounds. Manganous salts are the more stable and by mere contact 
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with the air are not as a rule converted into the manganic series, On 
oxidation, manganese preferably forms manganous salts and those of 
permanganic acid. As the results of oxidation a long series of oxides 
and their corresponding hydroxides are formed. When treated with 
an energetic oxidizing agent in the presence of alkalies, all the oxide 
are transformed into manganates. -On the other hand, if a manga. 
nate is reduced in the presence of an acid, the tendency to form 
manganous compounds shows itself. 

The principal form of manganese in nature is the black oxide, 
manganese dioxide or Pyrolusite. It probably dissolves in water as 
manganous sulphate or bicarbonate. Ordinary chemical analytical 
methods fail to determine what form manganese occurs in raw water 
because the necessary processes easily change its value so that the 
original state in which it exists is lost. The sulphates and bicarbon- 
ates are not stable in dilute aqueous solution and by hydrolysis are 
converted into soluble manganous hydrates and the resultant acids, 

From the foregoing one must become impressed with the important 
part played by oxidation in the production of manganese compounds, 
The réle played by oxygen is rendered doubly difficult to understand 
by the fact that oxidation is effected both by plain chemical and 
bio-chemical agencies, with the latter playing an obscure but im- 
portant part. 

Kiihr (1) states that the plain chemical oxidation of a saturated 
solution of manganous bicarbonate in raw water requires a high pH, 
possibly as high as pH 10, to effect complete oxidation and precipita- 
tion. He also demonstrated that besides being capable of oxidizing 
dissolved manganese at a pH 10, notwithstanding the fact that the 
oxygen of the air might be inactive, yet the manganese bacteria can 
just as well oxidize in an acid medium of pH 4 to 5. 

By experimentation Kiihr was able to establish the fact that man- 
ganese bacteria are able to oxidize manganous compounds into man- 
ganic both in acid and alkaline solutions forming a jellylike substanee 
which continuously absorbs fresh manganese from the water thus 
bringing about a continuous oxygen cycle. This biological action 
may take place on grains of sand, pieces of gravel and on concrete 
surfaces submerged in water. 

The chemistry of the production of iron and manganese in well 
waters and impounded supplies is not thoroughly understood but itis 
reasonable to believe that it proceeds as follows. In the first place 
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it has been the general experience that precipitation troubles have not 
occurred until the reservoirs have been in service several years, and 
secondly, rarely have the inlet waters to the reservoirs been found to 
contain iron or manganese in any appreciable amount. How then 
do these minerals finally accumulate in the water to the extent that 
they becomea general nuisance by staining fabrics and incrusting pipe? 
The answer is that the mineral matter is leeched from the ore-rock 
scattered throughout the reservoir bottoms, and its concentration is 
cumulative, requiring several years before it reaches a concentration 
of over 0.1 part per million. 

The main agency in the production of iron and manganese is the 
presence of organic matter in the water and its gradual decomposition 
by bacterial growths. The decaying vegetation lying on the bottom 
of the reservoir gives rise to a vast bacterial flora and as a result many 
organic acids like tartaric, lactic, and humic are formed which are 
eventually turned into carbonic acid. The presence of oxygen stimu- 
lates the bacterial action and accelerates the decomposition of vege- 
table matter. The oxygen balance appears to be the determining 
factor in the resolution of iron and manganese oxide. Experi- 
mentors have found that these oxides are little affected by carbonic 
acid but are readily dissolved by reducing agents followed by the 
action of weak organic acids. 

Although most impounding reservoirs carry plenty of oxygen in 
their lower strata during the summer months, even up to 60 to 70 
percent saturation, a zone undoubtedly exists at the bottom where the 
biological activities are at a maximum during the warm summer 
months and where the diffusion of oxygen from the water to the 
decaying plantlife is not great enough to supply the oxygen demand, 
hence such a condition results in the formation of reducing com- 
pounds. We thus have established the paradoxical condition where 
both aerobic and anaerobic action exist at the same time adjacent to 
one another. The resulting reducing compounds attack the mineral 
oxides which are rendered soluble by the weak organic acids and 
eventually transformed into bicarbonates. 

The picture then is this: as a result of bacterial decomposition 
manganese and iron salts go into solution as carbonates and slowly 
oxidize. Unless subjected to a vigorous oxidation in a highly alka- 
line solution at a treatment plant they tend to pass into the distribu- 
tion system. At some filter plants bacterial growths on basin walls 
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and filter sand cause precipitation troubles at these points. If the 
conduit bearing the water citywards is concrete the zone of high 
alkalinity next to the concrete surface may precipitate the manganese. 
Plant operators whose underdrain systems are composed of conerete 
may well be apprehensive as to the ultimate clogging of such piping, 
Indeed, this trouble has been experienced many times and most 
ingenious have been the corrective measures employed such as the 
planned production of carbon dioxide and added acid solvents. 

Iron and steel mains also harbor growths which result in manganese 
precipitation with the consequent lowering of their carrying capaci. 
ties. It is thus the general experience to find a gradual diminution 
in the manganese content of the water in passing from the reservoir 
through the distribution system. Where precipitation does not 
occur conditions are likely to be found unfavorable to the production 
of bacterial flora and poor oxidation conditions combined with low 
alkalinities. 

While most of the foregoing has pertained to the formation of iron 
and manganese in impounded supplies it is likewise descriptive of the 
conditions met with in well waters. In the case of the latter the 
carbon dioxide and weak acids dissolve the mineral deposits in the soil 
resulting in the formation of soluble bicarbonates, sulphates and 
nitrates. In the case of ground waters the concentration of mineral 
salts is generally much greater than is the case with surface waters, 


Pp SPECIFIC PRECIPITATION TROUBLES 


As would be expected the concentration and prevalence of iron and 

manganese vary greatly according to location and season. The 
following table taken from data contained in papers by Weston (2) 
and Carpenter (3) shows the distribution of manganese according 
to location, in parts per million. 


WATER WATER gg 


The following data on iron and manganese of typical New York 
State supplies were furnished by C. A. Holmquist, Director, Div 
sion of Sanitation, State Department of Health. In most cases they 
‘represent maximum figures. 
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PARTS PER MILLION 
LOCATION hilod 


Iron | Manganese 


From the above tables it will be noted that iron and manganese 
vary greatly both as to location and whether they are derived from 
surface or well supplies. In New York State the well supplies are the 
more concentrated and the surface supplies vary their content accord- 
ing to season and the depth from which the water is withdrawn. 

With such variations in chemical constituents as is indicated in 
the above tables it would be surprising if a great many interesting 
experiences with precipitation troubles were not recorded in the 
technical literature. Abstracts of some of the more recent articles 
follow. 

Hale (4) gives an account of the sudden occurrence of manganese 
in New York City water due to the overturning of Croton Reservoir 
caused by an abnormally sharp drop in temperature. Another 
paper by Hale (5) describes the deposition of manganese dioxide on 
the inner surface of the concrete Catskill Aqueduct. A discussion is 
given as to whether the deposit was of bacterial or chemical origin 
and the conclusion reached that it was caused by a zone of high alka- 
linity existing between the water surface and the concrete resulting 
in a resolution of the soluble manganese in the water by virtue of the 
f excessive alkalinity. 

Baylis (6) gives an account of the sudden and unexpected increase 
of manganese in the Baltimore tap water in 1923. It is interesting 
to note in this case that the cause of the trouble was due to biological 
agencies in which certain bacteria living on organic matter surround- 
ing the sand grains in the filters were able to produce organic acids 
that dissolved the manganese dioxide stored up in the sand and on the 
basin walls. This soluble manganese was afterwards precipitated 
in the mains. 

Weston (2) describes the gradual production of manganese com- 
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pounds in the water of Wanaque Reservoir and the effect of the preg. 
ence of manganese on the ortho-tolidin reagent. 

Boynton-Carpenter (3) cite many cases of manganese in West 
Virginia streams caused by the effect of acid mine drainage. The 
effect of manganese precipitation on filter sand is described, algo 
‘remedies for counteracting these troubles. 

Janzig and Montank (7) demonstrate that manganese is redig. 
solved from the sand of idle filters. They indicate that biological 
action was an important factor in the process of redissolving manga. 
nese. 


REMOVAL OF IRON AND MANGANESE | 

From the section on the chemistry of manganese it is evident that 
many methods are available to the designer for the removal of iron 
and manganese. Practically all of them depend upon either the 
direct chemical or bio-chemical means of precipitation. In the direct 
chemical, rapid oxidation is necessary, accompanied by a high pH 
of approximately 9.5. In this process iron salts are used as the 
coagulant and the pH is regulated by lime. This method is well 
adapted to the conventional filter plant treating an impounded 
supply in which manganese becomes more and more in evidence with 
the passage of time. Bean (8) describes a successful adaptation of 
this process at Providence. 

In some -cases where bacterial growths of iron and manganese baec- 
teria develop readily the mineral salts are removed by aeration followed 
by preliminary rapid and slow sand final filtration. In the case of well 
waters the constituents to be removed are well known in advance 
from many analyses and such waters being more or less constant in 
mineral concentration are easily handled by conventional design. 
As such waters are invariably high in carbon dioxide, most efficient 
aeration is necessary; and if manganese is very high, necessitating 
prolonged aeration, a combination splash-tray and coke contact 
process, followed by rapid filtration completely remove the precipi- 
tated hydrates. The plant at Memphis, Tenn., is a good example of 
this process on a large scale. 

Weston (2) states that while hard waters, high in iron may be pun- 
fied easily; soft waters low in iron and pH value, and high in organi¢ 
content, present many difficulties necessitating in some instances the 
use of an oxidizing agent like chlorine or permanganate to reduce the 
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IRON AND MANGA 

Iron and manganese may be removed by zeolites regenerated with 
permangate. This process has the advantage of operating well 
without technical supervision and is well adapted to small installa- 
tions although many large ones have been found to be economically 
feasible. 

Hale (9) describes the installation of a most interesting plant on 
Long Island treating a well water high in iron and devoid of oxygen, 
with lime alone without aeration. The lime is added sufficient to 
change all free carbon dioxide into bicarbonate and cause the forma- 
tion of a few parts of normal carbonate. All of the iron is removed 
as ferrous carbonate and hydrate on the sand of a pressure filter. 
The sludge finally accumulates in the sand to the extent that it has 
to be removed periodically by eliminating the lime for a while and 
allowing the carbon dioxide dissolve mineral matter. 

Thiring 

Albany’s experience with manganese runs parallel with that of 
many other cities in the east using an impounded source of supply. 
Its experience is interesting in that it represents average conditions 
met with by most plants. By this is meant that no especial details 
were incorporated in the design to combat manganese so that when 
troubles acutely developed corrective measures had to be introduced 
that were made possible by the general plant layout. 

Hannacroix Creek is the main source of supply. It rises in the 
foot-hills of the Catskills and flows through a very sparsely settled 
watershed principally devoted to farming. The water is soft and 
the manganese content very low. Soil conditions on the watershed 
gave no indication of the presence of manganese or iron ore. Alcove 
Dam impounds the creek waters, flooding an area of 1440 acres and 
at the spillway-line 618 feet above mean low water, the amount of 
water stored is 13.5 billion gallons. The area was cleared of build- 
ings, brush and trees but no attempts were made to remove the top 
soil. The reservoir was completed in 1930 and by the spring of 1932 
was full to the flow-line. It will thus be seen that the stored water 
was acting on the subsoil about two years before the reservoir was 
placed in commission in December, 1932. 

The first indication of manganese was when the 100 m.g.d. Loudon- 
ville distribution reservoir was filled in the fall of 1932. At this time 
the concrete side slopes were colored a dark red and it became appar- 
ent that manganese was a factor to be coped with in the operation of 


ALBANY EXPERIENCE WITH MANGANESE 
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The new 40 m.g.d. filter plant located at Feura Bush is of conyep. 
_ tional design and is located midway in the 22 mile line of 48-inch eagt 
iron pipe carrying water from the dam to the city. It is thus evident 
_ that the conditions are excellent for the deposition of manganese op 
_ the inside of the pipe. The filter plant is interesting in that it hag ap 
_ high pressure jet-nozzle aerator housed in a permanent building 
mechanically ventilated and heated so that it is in commission the 
_ year round. The mixing basins are of the gravity type and built in 
three units of 10 minute retention each. They may be operated in 
series or in parallel, giving velocities of 0.9 or 0.3 feet per second 
respectively. One or all of the units may be operated as conditions 
dictate. Each basin is unique in that the first pass is through over 
and under baffles, the remainder of the flow being through round the 


TABLE 1 
Operating year 1933 

RAW WATER CLEAR WELL PERCENT 

REDUO- 

yoy | Avec | Mash | | 

mum mum age mum mum age GANESE 
SARE wae ieee 0.16 | 0.07 | 0.11 | 0.07 | 0.06 | 0.06) 45 
0.13 | 0.05 | 0.08 | 0.06 | 0.03 | 0.04 | 69 
0.18 | 0.07 | 0.14 | 0.08 | 0.06 | 0.07 | 61 
0.20 | 0.08 | 0.15 | 0.07 | 0.02 | 0.04 | 80 
0.83 | 0.15 | 0.48 | 0.38 | 0.05 | 0.22; 7% 
0.42 | 0.39 | 0.40 | 0.31 | 0.27 | 0.29 | 31 


Results in parts per million, manganese. 


end baffles. The advantage of this type of construction is, that three 
different chemicals may be introduced simultaneously and ade- 
quately mixed in the three over and under passes. 

From the discoloration due to manganese on the slope walls of the 
reservoir referred to above, it was evident that the plant must be 
regulated to reduce manganese troubles to a minimum. As a most 
efficient coagulation process embodying the precipitation of alum 
reacting at an optimum pH adjusted by means of sulphuric acid had 
been incorporated in the plant design, it was decided to operate the 
first year with this alum process alone. A factor that lent encourage- 
ment to this decision was that the water might be withdrawn from 
the impounding reservoir at four different levels, 14.5 feet apart, and 
thus keep above the stratified manganese at all times except during 
the fall overturns. 
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Table 1 gives manganese figures for raw water and pure well during 
the operating year 1933. The water during the entire year was 
vithdrawn from one point 34 feet below the surface. 

From table 1 it will be noted that the manganese slowly increased 
at the bottom as the summer progressed reaching a maximum of 0.83 
p.p.m. during the fall turnover in October. The standard plant 
process was able to keep the manganese in the pure well below an 
average of 0.07 p.p.m. on all months except October and November 
at which time the maximum reached 0.38 p.p.m. with a corresponding 
reduction of only 31 percent. At no time during the year were any 
complaints received about discolored water or stains on clothes. 

The conclusion is reached that the manganese oxidizes very slowly 
and that what deposition there is takes place on the inside of the 
conduit and mains. 

During 1934 the same procedure was followed and the water was 
withdrawn from the 34 foot level. Following were the manganese 
data for the year. 


RAW WATER | CLEAR WELL 


PERCENT 
j REDUCTION 
Maximum Minimum Average Maximum | Minimum Average 
0.83 0.00 0.10 0.38 0.00 0.07 50 


During 1935 it was decided to take advantage of change of reservoir 
outlet to the utmost inorder that the raw water might have as low a 
manganese as possible. Accordingly the point of outlet-was changed 
five times, the endeavor being to withdraw the water from the bottom 
as much as possible in order to escape the surface algal growths during 
the summer and maintain the temperature of the water in the mains 
at the lowest point possible. 

The following table gives the manganese data for 1935: 


RAW WATER CLEAR WELL 
PERCENT 
— ——| REDUCTION 
Maximum Minimum Average Maximum | Minimum | Average 
1.31 0.01 0.16 1.14 0.01 | 0.08 53 


From the foregoing tables it will be noted that the maxima of 
manganese tend to increase yearly during the fall overturn and at 
such times the peectatngs removal is at a ‘minimum resin in 
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excessive amounts in the clear well, amounting at times to 1.14 P.p.m, 
It was therefore decided to do some experimentation with iron salty 
as a coagulant, also to try out oxidation by means of chlorine anq 

‘alum coagulation at a high pH on a plant scale. 

The experimental apparatus used by Dr. Thompson (10) had beep 
left intact and it was decided to modify this apparatus so that jj 
could handle the raw water treated with lime and iron. An exper). 
mental coagulation tank was therefore set up and the plant raw wate; 

dosed with varying amounts of lime and ferrous sulphate, the settled 

water being fed to the glass experimental filters located in the pipe. 
gallery. This plant was operated by the regular filter operators and 

samples collected every two hours. The average results obtained o 
~ 10 experimental filter runs are given in table 2 


TABLE 2 
s obtained on 10 runs of experimental filter Dh si 


a 4% (2-inch iiinitiale operating at rate of 2 gallons per square foot per mini 
Coagulant: Ferrous sulphate 1.3 g.p.g. calcium hydrate 0.7 g.p.g.) 


FILTERED 


RAW WA’ 
WATER EFFL 


Bicarbonate 32 30 


_ From the experimental results in table 2 it was evident that the 
lime and iron process could be depended upon to produce a water low 
in manganese and of satisfactory color. At the time of the exper: 
ments the outlet from the reservoir was so selected as to withdraws 
water of minimum manganese content, hence the filter was not operat 
ing under a high manganese load. The increase of iron in the effluent 
from 0.05 to 0.21 part per million was far from satisfactory and itis 
- probable that the iron content could be decreased by more carelfil 
adjustment of the coagulants. 
a S| One disturbing feature was noted in the effluent of the expet 
mental filter runs using the lime and iron process. This was 4 
- tendency for a slightly sweetish taste to develop in the effluent. 
an observers asked to give their reaction of the taste of the filtered 
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effluent, four noted a sweetish taste quite different from that of the 
regular city water coagulated with alum and of a much lower pH. 
Whether such a sweetish taste would be developed in actual plant 
practice is problematical. However, its very presence in the experi- 
mental effluent was disconcerting as the regular city water is quite 
without taste and the slightest change would be noted by the con- 
sumers as demonstrated by many past experiences. 

The first attempt on a plant scale to remove manganese by oxida- 
tion was begun on July 24, 1936 by prechlorinating the aerator, efflu- 
ent to the extent that it had a 1.0 p.p.m. actual excess. This was 
gradually cut down until the actual excess was 0.6 p.p.m. The man- 
ganese content of the raw water at this period was 1.74 and that of 
the filtered effluent without pre-chlorination 0.97 p.p.m. It was 
intended to build up the pH of the prechlorinated water with lime 
until its value was at least 9.0 but long before this could be done a 
medicated or iodoform taste developed in the city tap water which 
was registered as Medicated-4 on the plant log. It was apparent 
that prechlorination could not be employed under such conditions as 
to manganese and the pre-chlorination was immediately cut out. 

As several articles had appeared in the literature pertaining to the 
removal of manganese by regular alum coagulation accompanied by a 
reaction pH of from 8.0 to 9.0, it was decided to try this method out 
on a plant scale. It was reported by Greenwich, Conn., that by 
adjusting the pH of the water coming onto the filters to 9.6 the man- 
ganese could be removed without an accompanying increase in color. 
It is generally recognized that increasing the pH of a water in which 
the alum floc has already been formed tends to peptize the floe, re- 
sulting in the formation of pin-head flocs accompanied by an increase 
in color of the effluent. Owing to the multi outlet weirs of the Albany 
settling basins it was not feasible to add the lime at this point.. The 
procedure followed at the present time is to add all the alum under 
pressure to the aerator influent, adjusting the latter such thatthe 
jets rise 25 feet giving maximum oxidation. The floe is formed 
almost instantly and is conditioned by passing through two 10 
minute intervals each, mixing basins. At the entrance to the third 
10 minute basin the lime is added to give a pH at the present time of 
8.1. It is intended to increase the lime gradually should the effi- 
ciency of manganese removal fall off. The amount of alum,added 
at the present time is 0.8 grain per gallon. 

Table 3 gives average results of raw and clear well waters using the 
above procedure. 
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From table 3 it is evident that on an average of 72 percent of the 

manganese can be removed by this procedure. The color reduction 
is satisfactory and no resolution of the floc has taken place as is indj- 
cated by the low soluble alumina and turbidity of the effluent. The 
following manganese figures are rather significant: Raw 0.18-, 
Basin Effluent 0.16—, clear Well 0.05 p.p.m. They indicate that 
very little work is done by the settling basins in the removal of 
manganese and that most of the hydrate is taken out by the passage 
through the sand. One might look for washing troubles under such 


TABLE 3 
Chemical data using high pH with alum coagulation 
(Alum added 0.8, lime 0.3 g.p.g. Reaction pH after adding lime 8.1. Results 


in p.p.m.) 

RAW WATER CLEAR WELL 
Soluble alumina 0.05 


* Clear well turbidity determined with Kleinman Nephelometer. 


conditions, but up to the present the sand has washed well without 
any apparent coating of the grains. _ This process ought to be capable 
of caring for the manganese all through the turnover period after 
which time the pH of the coagulated would be adjusted to normal 
and the resulting carbon dioxide would dissolve any accumulation of 
manganese that had coated the sand grains. 

_ (Presented before the New York Section meeting, October 15, 1936.) 
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eo % WATERWORKS PROBLEMS OF THE SMALLER 
Basin MUNICIPALITIES W sete’ 
OL noeame ‘ 
very little By D. H. 
th (Consulting Engineer, Toronto, Can.) 

eB. _ The general nature of the title of this paper permits such a wide 
scope that no attempt will be made to limit the subject matter to 
unusual problems or those peculiar only to the smaller municipalities, 
nor ean it be hoped to cover every problem. No doubt some of these 
problems have been ably dealt with before and the author begs the 
indulgence of those who are better informed than he is. 

The first problem in a small town or village may be considered a 
pre-natal one. Every village whose population approaches 1000 
people needs a waterworks system, because the needs of a family ina 
village are not materially different from those of a family in a great 
metropolis. The first problem that is presented to the municipal 
council is one of finance and the second, source of supply. Other 
problems are easier of solution. 

There is a popular opinion that the establishment of a waterworks 
system involves a heavy expenditure and a substantial increase in 
taxes but this is in reality seldom the case. The writer has in minda 
town of 900 people where a system was installed at a cost of $45,000.00. 
They have no industries to contribute to the annual earnings, but 
the project is being financed by a two mill charge for fire protection 
and water rates per family varying from $0.75 to $1.50 per month. 
The plant operates automatically with off peak power so that opera- 
tion and maintenance charges are almost nil. While no accurate 
_ figures are available it has been estimated that the higher insurance 
Bus - rates and the cost of individual wells and power pumps in only a 

part of the town would cost annually as much as the entire water- 
works system. It is therefore apparent that the problem of finance 
& is largely one of education. 


Beek From a legal point of view, the construction of water supply 

es: systems have to be authorized by a money by-law which must 
1910 


= 
i 


VOL. 28, NO. 12) PROBLEMS OF SMALLER 
voted upon by the property owners, or ordered by the Department of LW Me : 
Health except in the case of works already established when “exten- = 
sions” may be made under Cl. 2. Chap. 399 of the Municipal Act. 
The distribution system may be similarly authorized or may be ~ 
installed as a local improvement. 

In any case the approvals of the Department of Health and of the 
Municipal Board are necessary. 

A money by-law anticipates that sufficient money will be raised 
through the mill rate to pay the interest and principal on the debt = 
over a period not exceeding 30 years. Actually this is not done. 
Each family is charged a water rate. The sum of these makes up the 
major part of the necessary finances. ‘The balance is made up out of 
the mill rate, together with the cost of operation. This seldom ex- 
ceeds 2 mills even in the smallest village. When a waterworks system 
is operated by a separate board that board bills the municipal treas- 
urer for hydrant rental or fire protection. If the amount so obtained 
is sufficient to make the system more than self-sustaining the surplus 
is turned over to the treasurer, if not, the treasurer makes up the 
balances. The hydrant rental charge is analogous to the Hydro 
street lighting charge. 

The laying of watermains as local improvements is usually confined 
to extensive new areas, where revenue from water rates is not avail- 
able in advance of construction. 

The question of a source of supply is one which has delayed the 
establishment of new systems in the smaller centers, but as this is a 
problem which is common to both new and long-established systems, 
it will be dealt with later. 

For the purposes of this paper the writer has divided small water- 
works systems into two types, those having a surface supply and those 
having wells as the source. Problems peculiar to each type will be 
discussed, then the common problems. moti 

Among the surface sources of supply are large lakes and rivers, 
inland lakes and creeks, springs, and underdrainage. A supply 
derived from a large lake or river has the outstanding advantage of 
unlimited quantity. Difficulties are due to intermittent turbidity, 
contamination, high temperature, and sometimes to ice and unpleas- 
ant tastes. To minimize turbidity the intake should be laid as far 
from shore as finances will permit. The inlet should be 4 or 5 feet off 
bottom and so designed to keep down the entrance velocity. _ 
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The water should be treated with a suitable coagulant, passed 
through settling tanks and then filtered and chlorinated. Water 
works systems in the smaller municipalities have been often designed 
with pressure filters and no provision for pre-sedimentation. Exces. 
sive turbidity and no opportunity for flocculation creates problems 
of operation that cannot be overcome. The mud penetrates the 
filters to such a depth that backwashing is difficult and the excessive 
amount of sediment requires very frequent washing with consequent 
loss of net capacity. Waters that are not turbid such as at Chippawa 
may be successfully and economically filtered with pressure systems, 
Most waters along the Great Lakes are subject to turbidity at times 
due to wind action, and require settling tanks in advance of the filters, 
In such cases it will be found that gravity filters can be built at no 
greater cost than pressure filters. They have the very great advan- 
tage that the surface is visible to the operator and he does not have 
to rely on rule of thumb and assume that the filter medium is in good 
condition. 

To reduce contamination the location of the intake should be 
determined with the greatest of care. It should be kept away from 
creek outlets, traffic lanes, and the sewage outfalls of larger neighbors, 
High temperature can best be avoided by carrying the intake into 
ueep water, preferably twenty feet or over. It is also helpful to use 
an elevated tank in preference to a standpipe of such a capacity that 
it will be emptied at least once per day. In some instances larger 
rivers such as the Detroit at Amherstburg, although comparatively 
deep, will not supply cool water. Here large boat traffic is so dense 
that the warm shore water is continually being mixed with that in 
the deeper channel. 

Unpleasant tastes are not as common in supplies from large lakes 
or rivers. - The location of the intake away from shore and remote 
from factory outfalls minimizes this trouble. In case of disagreeable 
tastes, modern practice offers many kinds of treatment that will 
control the offender. This is the subject of considerable study at 
present time in the larger cities and literature on the subject is con- 
tinually appearing. The important point to remember is that each 
case has to be studied and treated individually. Activated carbon is 
one of the most effective agents now in use for the control of tastes. 

Ice difficulties are not very frequent and seldom occur if the intake 
is deep, say over 20 feet. A surface sheet of ice presents no difficulties 
unless the stream is very shallow and the ice so deep as to obstruct 
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water pressure into the shore end, and reverse the flow. 


least desirable. The chief difficulty is due to their shallow depth. 2 


—theinlet. Anchor and frazile ice occur only if the surface is open and 
_ these are more troublesome to intakes 10 feet deep or less. If the in- : 
take becomes obstructed with ice the usual remedy is to turn the — .: 


Water supplies derived from small inland lakes and creeks present — 
many troubles. The problems of their larger sisters are present in fe is 
concentrated form, so that of all sources of water supply they are the oa 

- Warm water, weed growth, inadequacy of supply at times, odors, 

- tastes and contamination, all are common to these waters. 

If the topography w ill permit, impounding works will remedy many 

_ of these ills to a considerable extent. Such works provide a depth of 

_ water to drown weeds, permit sedimentation, a more adequate supply _ 

_ When needed and a depth of intake that gives cooler water and less — Z 
ice trouble. Cleaning out shore growths of weeds by dredging is only | 
temporarily beneficial unless the edges can be made deep enough to 
prevent re-growth. A chain stretched through the pond or stream _ 
with each end carried along opposite shores has proved effective where __ 
the shape of the pond permits, but of course the treatment must be 
repeated two or three times per year. 

PD UNDERGROUND SOURCES 

Springs as a source of water supply vary greatly. Some munici- 
palities have ample supplies of excellent quality requiring no treat- 
ment, such as Orangeville, Colborne and Coldwater. In other 4 am 
places the supply has gradually diminished or become contaminated. _ 
While there is no remedy against a diminishing supply and very little 
opportunity to predict the lifetime of a spring, contamination can be © 
controlled by purchasing and fencing the known water shed and by | 
picking up the spring as close to its head as possible. Those adopting E 
such a source of supply should be prepared to accept chlorination if 
and when contamination originates outside their area of control. — 
The purchase of plenty of land along with adequate sanitary super- _ 
vision is urged. ip 

Underdrainage or filter galleries are usually employed to develop _ 
shallow underground supplies that lack sufficient head to break out : 
as springs. The most successful filter galleries are at Simcoe, Ont. — 
and will be described in another paper. Infiltration basins along the 
lake shore have been tried, as a means of obtaining water from the _ 
lake with consistently disappointing results. ; 
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Underdrainage may extend under several tilled farms. The supply 
= usually fluctuates seasonally and is inadequate during summer. (Cop. 
aa tamination occurs at times and is most severe during the spring runoff. 
Marshy tastes sometimes give trouble. 

The difficulties of a fluctuating supply can only be ameliorated by 
metering each service. Contamination can be reduced by purchasing 
the farms and either reforestration or confining the crops to those not 
requiring fertilizer and by excluding live stock. Chlorination must 
be employed. Underdrainage affords a precarious source of water 
for a municipality. 

Surface supplies seldom have difficulties of chemical composition 
although some spring and river supplies are unpleasantly hard. In 
the igneous rock areas such as at Huntsville and Burwash, surface 
waters have to be treated with an alkali to raise the pH before deliy- 
ery to the system. Practically all surface supplies have to be dis- 
infected or to have equipment in readiness for this treatment. 

Well water supply systems have problems all their own, not so 
great as some supplies but sufficiently serious to require careful study. 
A well water may be excessively hard, may have objectionable taste, 
or odor, is sometimes turbid and may carry quantities of fine sand. 
Sometimes such chemicals as Iron oxides, sulphuretted hydrogen, 
carbon dioxide, or methane produce problems. Sometimes the well 
is difficult to build or to maintain due to fine sand, soft, structurally 
weak rock, gas or water pressure. Some waters, quite suitable for 
- human consumption, act as an electrolite to set up galvanic action 
between dissimilar metals of the pump. As this is difficult to predict 
«jn advance the greatest of care must be taken in writing specifications 
for the pumping equipment. It is important to observe that hard 
ss waters may be good electrolites although we usually think of aggres- 
give or corrosive waters as being soft. Well waters are almost always 
sterile if ordinary care is exercised in making the well. 

Hard well waters in common with hard surface supplies can only be 
remedied by softening. This is a field that is just beginning to be 
cultivated. If the hardness is in excess of 500 p.p.m. the cost is 
excessive and other sources of supply should be investigated. It is 
not necessary to soften to much less than 100 p.p.m. 

Objectionable tastes and odors (usually due to HS) may be re- 
moved usually by aeration. This can be accomplished by pumping 
through nozzles, over trays and other devices, by passing through 
ay channels with diffuser plates at the bottom or aeration may 
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be effected under pressure. Examples of these forms of treatment 
may be seen at Hssex, Ontario Hospital at London, and other places. 

Other tastes or odors are not common in well waters and each case 
must be treated individually. 

Iron in the form of soluble ferrous oxide if present in excess of 0.3 
p.p.m. is very apt to give trouble. It may induce the growth of 
crenothrix, a slimy organism that tends to clog the water mains and 
plumbing fixtures. Such waters stain porcelain fixtures and streak 
white-wearin the laundry. Iron may be removed by aeration (which 
oxidizes it into the insoluble ferric state) followed by filtration or 
precipitation. Unless a reservoir is required as a visible supply for 
fire pumps, pressure filters will usually be found least expensive. 

Iron may also be removed by chemical base exchange in conjunc- 
tion with water softening. 

Carbon dioxide in a water may be aggressive and start a reduction 
process in old watermains. ‘The incrustation on the inner surface is 
broken down and what is known as red water trouble ensues. The 
remedy appears to be the introduction of a chemical to neutralize the 
COs and one to build up a new crust. Very small quantities are 
required. Caustic soda and sodium silicate are commonly used. 
This problem does not occur in new mains. It is likely to occur upon 
changing from one source of supply to another. 

CO: and CH, may, if present in sufficient quantities, cause pump- 
ing difficulties and air lift pumping may have to be resorted to. 

Problems incident to the making of a water well can only be 
mastered by skilled men. There are two distinct types of water 
wells, those terminating in rock and those in the glacial drift. _Usu- 
ally rock wells are easily drilled but occasionally a layer of fragile 
rock is encountered between hard strata. Occasionally a water well 
will encounter fissures that communicate with the glacial drift and 
carry considerable quantities of silt. Sometimes fine sand imme- 
diately overlies the rock and makes it important that the casing be 
driven well into the rock. If the water supply is to be taken from a 
structurally weak stratum the well may have to be gravelled and 
screened as described later. If a silted fissure yields the water 
supply, the well may have to be pumped for months to wash out the 
silt. Failing this the water may have to be passed through a sedi- 

mentation tank or filters. 
Wells constructed in the glacial drift derive water from gravel or 
sand. It is a comparatively simple matter to finish a well in gravel. 
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_A good type of screen is the chief consideration. Everdur Bronge 

- copper 96 percent, silicon 3 percent, manganese 1 percent should 
usually be used. No metal will prevent an encrusting water from 
~ gradually clogging the screen but this may be held at a minimum by 
- not pumping below the top of the screen. 

_ Suecessful wells of large capacity may be made in very fine sand. 
The problem here is to get out the water without also getting sand, 
Two large diameter casings should be used and fine gravel introduced 
around the screen while the sand is being taken out. Only men with 
long experience and the greatest of skill should be entrusted with 
this work. No well of this type should be accepted from the eon. 
tractor until he has controlled the fines and positively prevented 
surface caving. The problem of determining the safe yield of a well 
is not capable of definite determination. The source of supply may 
be a storage reservoir with no appreciable rate of replenishment or 
it may be a reservoir with conduits such as rock fissures connecting 
to extensive catchment areas, or in the case of wells in the glacial 
drift, streaks of relatively coarse gravel may serve as conduits, 
Again, the glacial drift, although fine may be pervious and so exten- 
sive as to extend under and communicate with a very large water 
shed. These wells may require servicing over periods of 5 or 10 
years, and this again should be entrusted to skilled water well men. 

Servicing will be less frequent if, when the well is constructed, the 
inner casing is carried to the surface and the annulus between the 
two casings filled with suitable gravel. To ensure that the gravel 
will feed down when required, this space should not be less than 6 
inches. 

During the construction of wells in glacial drift, water under pres 
sure is sometimes encountered. Water may find its way to the 
surface exterior to the casings and a crater will soon form. In such 
locations a rotary rig should be used and heavy liquid mud circulated 
into the hole and out through the drill stem. The density of the 
liquid can be increased until its specifie gravity is high enough to 
overcome the artesian pressure. i 

Reference has been made to galvanic destruction of well pumps. 
There are several forms of well pump, such as air lifts, reciprocating 
and centrifugal pumps. As space is limited and the deep well turbine 

(centrifugal) pump is now almost entirely used to the exclusion of all 
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others, observations will be confined to this type. The well turbine 
consists of several bowls or stages in series located near the well 
bottom and connected by an enclosed line shaft, to a vertical motor 
above ground. In recent years the design has been very much sim- 
plified. Usually the shells are cast iron, the shafting cold rolled steel, 
the impellers, and bearing-bushings are bronze or some other alloy of 
copper. The piping enclosing the line shaft and for the water educ- 
tion pipe is usually ‘steel or wrought iron. Copper bearing steel, 
red brass or copper pipe is sometimes used and in England cast iron 
is used. In special instances all bronze pumps have been used but at 
very great cost. Recently a new alloyed cast iron, known as Niresist 
has been recommended but so far as is known there is no Canadian 
experience with this new metal. In Ontario best results have been 
obtained from pumps made up of the following metals. 


Bearings—zincless phosphor bronze (copper tin) fre pre 
Shafting—stainless steel (15 percent chromium) oT 
Eduction pipe—genuine wrought iron 

- Water well pumps and sometimes pumps on surface supplies are 
frequently operated in the smaller municipalities without manual 
attendance. Problems incident to this custom are largely limited to 
the design of electrical equipment. The various electrical devices 
provide for control of the equipment by changes in the water level in 
the reservoir, standpipe or elevated tank. The pumps are started 
and stopped, room heating is regulated, operation is interrupted at 
times of peak load, sand traps are flushed out, remote recording 
meters are actuated, chemical feeds are controlled and lubrication is 
automatically handled. With this type of apparatus the altitude 
regulator should be installed in a frost-proof pit and a condensation- 
proof case, beneath the tank to be free of pressure surges when the 
pump is started or stopped or a cushion tank should be installed on 
the pressure pipe at the pump. On the cushion tank the number of 
threaded joints exposed to air pressure should be reduced to a mini- 
mum. To do this the pipe may be carried down the center of the 
tank as in a range boiler. Absorption of the air may be avoided by 
pouring in a gallon of oil, as a membrane between the water and air. 
If the pressure switch is under the standpipe or elevated tank a 
cushion is not required but a control wire must run from the pump to 
A telephone wire is 
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i - quite sufficient. One additional wire must be added if a remote 
. recording meter is used. For safety, convenience and low cost gj} 
— equipment except the motor itself, may be assembled ag q 
= unit in and on a steel cabinet. 
: Electrical control equipment so designed solves the problem of cogt 
-- manual supervision quite satisfactorily and automatic off peak 
Oe . operation makes the power bill only a book-keeping entry as between 
_ the water works and electric departments with no actual money being 
out. 
; _ While water wells and well waters have problems all their own, itis 
F 2 _ not intended to give the impression that such systems are inherently 
_ troublesome. Most well systems that have been carefully built are 
conspicuously free of operating or maintenance problems. 
- The construction and maintenance of the distribution system ina 
small municipality offers fewer problems than the water supply. ital 


DISTRIBUTION SYSTEMS 

ch In the design of distribution systems, pipes should be of ample size 

and equipped with sufficient valves to meet any emergency. There 
seems to be relatively little use for 4-inch pipe and the cost of 6-inch 
pipe is only slightly more. The loss of head through 4-inch pipe is 
too great to leave suitable pressure to a hydrant, and a four-inch pipe 
is unnecessarily large if used for domestic service only. Considering 
their usefulness in case of emergency a valve is the cheapest thing you 
can buy. Ample valve provision should not cost more than one per- 
cent of the total cost of a water works system. Dead ends are some- 
times difficult to avoid and are objectionable from an operating 
standpoint. Sometimes it will be found economical to join two dead 
ends, although there are no consumers en route. This is because 
remote hydrants can thus be served by two pipes and the size of each 
made smaller. Every water distribution system should be served 
through a master meter of the integrating and recording type.  Itis 
just as necessary as the cash register to the grocer or the clinical 
thermometer to the physician. 

Bell and spigot cast iron pipe is the recognized material for pipe 
lines, copper service pipe is generally used and the standpipe or ele- 
vated tank is nearly always built of steel. 

Excavation for installation of the system may present problems 
because of the previously constructed pavements and sidewalks 
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occupying most of the street width. On one system recently con- 
structed a main was laid on each side, in the two-foot strip between 
sidewalk and pavement. Services were installed beneath a 10-foot 
sidewalk without injury thereto by operating a pneumatie drill from 
within the store basements. 


watermain trench. Copper service pipe was then threaded through 


the hole and fitted up on each end. The labor cost per service was | 


$3.00 and the contractor declared he made a profit. 


- Most distribution systems have a stream to cross some place in — 


their area. The crossing may be made either by laying the main in 
the bed of the stream with the use of semi-flexible joints or by sus- 
pending it beneath a bridge. A convenient and very effective way 
to prevent freezing of suspended mains consists of a corrugated culvert 
pipe jacket with the space between the two pipes filled with ground 
cork. In the fall of 1933 a 6-inch main was installed in Tillsonburg 
in this way using 5 inches of cork. This main was used for fire pro- 
tection only, with no velocity except when a hydrant was opened. 

During the severe winter of 1933-34 with temperatures of 20 
degrees below the main crossing did not freeze. 


STORAGE 


ib The selection of the most desirable type of storage should be treated 
as an individual problem. Water may be stored in surface-level or 
underground reservoirs, in standpipes or elevated tanks. Some of the 
older surface reservoirs are in reality artificial lakes. All reservoirs 
should be covered to prevent algal growths and tastes. The water 
will be somewhat cooler if about two feet of soil covers the roof. 
Such reservoirs must be built of concrete. They are useful as a 
visible supply to fire pumps and as a reserve in case of breakdowns or 
short peak demands in excess of the capacity of the supply works. 
The topography seldom permits such a reservoir to deliver water by 
gravity to the consumers. For that reason they must be supple- 
mented by a comparatively small elevated tank. Where funds are 
limited it will often be found less expensive to construct a larger 
elevated tank only, and locate it close to the pumphouse so that it 
can be switched over to the suction side of fire pumps. 

A standpipe has the advantage of large capacity at low cost. If 
it can be located on an elevation pressures may be satisfactory when 


1919 


Horizontal holes were drilled through © 
the 24-inch stone foundation walls and under the sidewalks to the — 
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only partly full. If the standpipe is not on high ground water stored 
in its lower half is useful only as a supply to fire pumps, or to fire 
_ trucks, equipped with a booster pump. 
_ Maintenance of a distribution system gives such problems 4g 
_keeping records of underground construction accurately up to date 
painting hydrants, buildings and water tanks, thawing services in 
winter etc. No underground construction, however small, should be 
carried out without making uniform and permanent record of the 
_ size, location, material used and other particulars. 
_ Hydrants should be kept brightly painted to preserve them from 
rust, make them easily found by firemen and so that they will enhanee 
the appearance rather than disfigure the street. A conspicuous color 
will be in contrast with the green grass in summer and also the white 
in winter. 


PAINTS 


3 Painting of water tanks should be given more thought than it has 
‘usually received. Too often it is limited to exterior painting only, 
Before paint is applied the metal should be thoroughly cleaned by 
scraping, steel brushing, buffing or sand blasting. 
Paints on the market and claims as to their efficacy are legion. 
ifferent waters act differently on paints and steel. 
At Aylmer, the wall of a standpipe was badly pitted and the floor 
in good condition. At Tillsonburg, 15 miles away, the opposite results 
occurred. Both waters came from farm under-drains and filter 
galleries. When a soft deep well supply at Aylmer was turned in the 
paint was still effective after 5 years. At Glencoe, a soft deep well 
water cuts off the paint and leaves the metal bright and good. (After 
7 years service the deep well pumps were found clean and in good con- 
dition in the Glencoe wells.) 

It is the writer’s opinion that special paints should be used with 
discretion. Good results have been obtained by priming with two 
coats of red lead followed by two coats of aluminum, for the exterior 
and two coats of water emulsion asphalt on the inside. The joint 
between the steel tank and the concrete foundation should be always 
kept water tight. 


OPERATION AND REHABILITATION 


_ Sometimes maintenance of an old system involves steps to increase 
the capacity. The source of supply may be adequate but the pump 
capacity may have become insufficient. While to the operator in 4 
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small town, the remedy for this problem may seem to be the purchase 
of another pump “just like our old one”’ the solution is not nearly so 
simple as that, and generally requires the services of a consultant. 
On several occasions the writer has found abortive attempts to solve 
this problem. A duplicate pump is installed only to find that with 
the increased rate of pumpage the existing watermain is far too small 
and the loss of pressure due to the greatly increased friction head 
makes it impossible to fill the elevated tank. 

Thawing water services is a problem that has been discussed: fre- 
quently. ‘The most effective means seems to be the use of low voltage 
high ampere electric current. Manufacturers of electrical equipment 
now make suitable transformers that can be bought for around two 
hundred dollars and every superintendent who has this problem, 
should have one. 

After a water works plant has been in service for many years, 
obsolescence takes its toll. Old steam boilers, inefficient pumps 
awkwardly arranged and manually operated equipment all add to the 
cost of operation and frequently to the anxiety of those in charge. 
Although such plants may produce sufficient water of good quality 
the cost is high and there is no factor of safety. The obvious remedy 
for these problems is to scrap the obsolescent part of the plant and 
install modern efficient equipment. On several occasions it has been 
shown by actual experience that this can be done and financed with 
the savings, as at Aylmer, Collingwood and other places. 

In the design of new systems or rehabilitation of old ones very 
material economies are possible by using various devices that are the 
product of the ingenuity of experienced operators or the laboratories 
of manufacturers. At Burlington grit in the water is prevented from 
cutting out the pump paeking by a simple home-made sand trap, 
at Forest the oiler on an air compressor is kept warm by an electric 
stove element wound around the glass cup, at Etobicoke deep well 
pumps are automatically oiled by a tiny hydraulic cylinder opening a 
needle valve when the pump is operating; at Tillsonburg the same 
thing is accomplished with a solenoid, at Port Stanley a signal light is 

flashed when the elevated tank fills and a zine strip grounds a wire 
going to the pumphouse, and the current to the alum feeder is con- 
nected to the floatswitch that operates the low lift pumps. 

Dozens of these inexpensive devices are available to reduce the 
need of attendance and cost of operation. They are particularly 
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y If the house over a well pump is made small, say 12 feet square, 
2 ae windows small, the walls and ceiling insulated, it may be heated 
electrically at very little cost. A time switch interrupts current to 
_ the pump motor and room heater during periods of peak load on the 
electrical power system. A relay with one contractor normally of 
and one normally on, alternately turns on the pump or the heater go 
_ that the heater is not billed as connected load and in many towns costs 
only .40 cents per hour for a two kilowatt 550 volt heater. If the 
_ pump runs half time, this amounts to about 5 cents per day, 
Completely automatic systems are being built that operate go 
well that the water works department’s only employee can take time 
off to attend this convention. 
_. In the municipalities where a surface supply demands more atten- 
_ tion the engineer who designs the plant should be required to assume 
charge of operation for a period of one or two years. It should be 
his duty to train the operating personnel whose tenure of office ought 
to be assured that the town may reap the benefit accruing from the 
cost of their training. Legislation might well be enacted that would 
ensure continuity of services of trained operators with the same 
security now afforded the local medical officer of health. 
Waterworks officials in the smaller municipalities, whether elected 
or appointed, should not for one moment fear a loss of prestige when 
they ask authority to engage competent advice in the solution of 
problems that are beyond their scope. 
(Presented before the Canadian Section meeting, April 1, 1936.) ake 
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PROBLEMS OF A WATERWORKS PLANT | 
IN A SMALL MUNICIPALITY re 
(Manager, Public Utilities, Town of Simcoe, Ontario, Can.) 


The Town of Simcoe is a municipality of 5500 people, situated in 
sunny southwestern Ontario. It is a well balanced economic unit, 
being the county town of Norfolk, a shire noted for its greatly diversi-. 
fied agriculture. In addition to those factories closely related to or 
- processing farm products such as canning and can-making plants, 
dairies, creameries, and cold-storages and those manufacturing j jams, 
pickles, soups and milk products, Simcoe has important textile indus- 
tries making woolen goods, wool stock and knitted wear, and also a 
a mitt and glove factory doing a considerable export trade. Municipal _ 
_ operations both of its utilities and general town affairs have in recent _ 
years invariably resulted in surpluses, and the bonded debt as well © 
as the tax-rate is being steadily reduced. 
Its municipally-owned waterworks was installed in 1907 and while 
this plant has been extended and improved as the town developed 
and a market for water increased, the original source of water is 
‘still the main supply and the original engines and pumps have con- 
tinued to be operated efficiently and economically. 
The unique features of this water supply and the pumping methods 


used together with the problems they have presented is the subject _ 


- Water is obtained by means of a filter gallery located about one 
half mile west of the town itself, the site selected for this purpose —T 


being a flat, lying between a rather low hill on the south and a small 
stream, known as Kent’s Creek on the north. Before making a de- 
cision considerable exploratory work was carried out by sinking test — 
holes along the banks of Kent’s Creek which flows easterly through — 
a considerable natural drainage area. Just downstream (i.e., east) — 
from the site finally selected, a hard-pan or shale 
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to hold — to some extent the ground water in the area immediately 
west causing a rise in the ground water level. This was the fina] 
factor in deciding upon the location of the water supply works, 

At the time of the original construction the flat selected for the site 
of the filter galleries was fairly well covered with a substantial stand 
of cedar trees, and an actual purchase of the land was not made, 
the owner simply granting a lease for a dollar per year. Subse. 
quently, however, the tree growth was cut off and as the land was 
being used for pasturage, an irregular shaped plot of four acres con- 
taining the galleries was purchased and fenced. The ground in the 
enclosed area has since become quite well sodded. 

At the present time some thought is being given to the acquisition 
of considerably more land, it being felt that this should be done with 
a view to reforesting the adjacent area as a water conservation 
measure and also to preserve and keep uncontaminated at least the 
immediate part of the natural drainage basin. 

To construct the original filter-gallery, excavation was made 
through the top soil and underlying sandy gravel and a line of per- 
forated tile was laid, at an average depth of about ten feet, first 
westerly and thence southerly in the flat between the stream and the 
hill. This conduit is 15 inches in diameter and is ordinary vitrified 
pipe in sections two feet long. There are longitudinal oblong slots 
2 inches long by }-inch wide in the upper half of the tile, there being 
four slots in each length of pipe in nine staggered rows 3 inches 
circumferentially apart. The unperforated or solid half of the pipe 
is laid to the bottom. 

This conduit was laid with open joints and was covered with 16 
inches of well rounded and screened natural gravel in size 2 inches 
down to ? inch before backfilling with the excavated material, 

A number of manholes were also installed, these being built of 
brick laid in circular or well fashion with only the top 6 feet cemented, 
this latter of course to prevent the entry of surface water. There is 
considerable infiltration of water through the lower brickwork into 
these wells and on later construction the size toward the bottom was 
increased giving not only larger collecting area but also much better 
accessibility to the tile for cleaning. The tops of the manholes ex- 
tend about two feet above the ground level and are equipped with 
close-fitting bolted cast iron covers. 

Ground water with a temperature of about 46° Fahrenheit enters 
the gallery through the slots in the tile and the low er 
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work of the manhole wells. It then flows by gravity through a 15- _ 
inch cast iron pipe north-easterly across under the bed of the creek —__ 
to a sump-well located under the pumping station which is situated __ 
on the north side of the stream. The land for the pump house and 
operator’s residence was purchased for this purpose at the time of eo 
the original installation, and lies between the creek and a roadway. 
The soil formation here is different and no ground water is available __ 
on this side of the stream. cm 

As water consumption increased the need for augmenting the 
supply was met by simply extending the weeping tile or collecting 
galleries. Four extensions have been so constructed at different 
times and it is now believed that practically all the available water 
is being collected. 

Additional water has therefore since been secured by gravel wall 
wells at two other locations. 

The first of these is about a quarter of a mile southerly and is 
alongside the system’s standpipe which is located in the highest part 
of the section, the base being 70 feet above the level of the infiltra- 
tion basin. The operation of this unit is controlled automatically 
by the level of the water in this tank. The other gravel wall well is 
a half mile north-easterly and is located in the north part of the town. 
The water secured here however contains an objectionable amount 
of iron in solution and a treatment plant to remove it by aeration 
and base exchange is therefore being installed. The water delivered 
from this unit will thus be partially softened, the proportion treated 
by the two methods being such that the hardness will be reduced to 
about one hundred parts per million. It may be of interest to note 
also that the treatment in this plant including the aeration will be 
under pressure and no re-pumping will be done. Operation will 
also be automatic. 

The original filter gallery remains however the system’s largest 
and most economical source of a very satisfactory water. 

Some difficulty has been experienced from sand and roots entering 
the tiles but this has been taken care of, with one exception, by 
periodic cleaning with the usual sectional rods, ropes, and cleaning 
tools. Two years ago the capacity of the system was found to be 
reduced, following a very heavy draw, and the section causing the 
trouble was located by checking the water levels in the manholes. 
All efforts to clear a blockage near a large elm tree having failed, an 
excavation was made, these tile found to be plugged with roots, re- 
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‘ 
placed, and covered with fresh stone before refilling. This trouble 
no doubt arose due to failure to keep the galleries clear and more 
frequent cleaning was plainly indicated. 

It is rather interesting to note that, although the water in Kent 
Creek is at times contaminated, caused no doubt by run-off from 
nearby pastures and tilled fields, tests of water samples taken from 
test holes in the water supply-plain immediately adjacent have jp. 
variably upon bacteriological examination been classed ‘‘A”’. 

However, a somewhat peculiar problem arose in making an exten- 
sion in the south-east corner of the supply-area. In excavating for 
a manhole at the end of a gallery run in a southerly direction, a hard- 
pan or shale formation was encountered just about at the tile grade, 
About the same time the bacteriological tests of water samples taken 
at this point were unsatisfactory, due presumably to surface run-off 
from the hill which was not so steep in this part and was under culti- 
vation. It was decided to break through the shale, and, fortunately 
water came up from underneath and flowed up out of a short pipe 
driven into the hard-pan. An inward sloping concrete structure 
was accordingly built up from the shale which was twelve feet below 
ground level; the bottom inside the “well”? so constructed was 
broken-out; and a solid tile run northerly from this “well” to the 
next adjacent manhole. The net result was a clear cold supply of 
about 150 gallons per minute which was a very welcome addition to 
the system. 

At the time of the original installation an inlet was constructed 
in Kent’s Creek near the intake conduit, and another supply line run 
to the pumping station; the idea being that in case of an emergent 
demand for additional water, as for instance to fight a serious fire, 
water could be obtained directly from the stream. This need has 
however not arisen and the use of water from Kent Creek would en- 
tail chlorination which has not so far been necessary with the ground 
water supplies of the Simcoe System. 

CEDAR STREET PUMPING STATION 


As previously stated a site for the pumping station and operator's 
residence was acquired on the north side of the creek at the time of 
the original construction. The pump house was located just across 
the stream from the filter gallery and the operator’s residence was 
later built a short distance north being close to the public highway. 
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The pumping station is a substantial solid brick building and has 
deteriorated but little during the 29 years since its erection. The 
major expense has been the roof which was covered with slates, these 
having required considerable replacement. One reason assigned to 
this is the vibration due to the operation of the reciprocating pumps 
and engines. On the roof of the pump house planned for the deep 
well pump and treatment plant it is proposed to use heavy asphalt 
shingles. 

The appearance of the original pumping station is fairly good, but 
the situating of the operator’s residence in front has to some extent 
marred the general effect. Some improvements to the grounds have 
been made in recent years, but much remains that might be done. 
The location, with the small stream on the south and east, has con- 
siderable possibilities for real beautification, the grounds being fairly 
extensive. Judging from a somewhat limited observation of a num- 
ber of small waterworks plants in neighboring states, our American 
cousins have given more thought than we in Ontario to the archi- 
tecture and landscaping of waterworks buildings and grounds and it 
is suggested parenthetically that we in the smaller municipalities in 
Canada might do well to remember that “‘the water customer often 
judges the quality of our product by the appeniemte of the pumping 
station.” 

The amount of water pumped into the System in Simcoe at each 
station is metered and is recorded daily. Practically all water sold 
is also metered, there being only 27 flat rates in the 1615 services 
supplied. 

The total amount of water pumped last year was just under 140, 
000,000 imperial gallons which averaged*383,000 gallons per day or 
72 gallons per capita. 

The total amount actually consumed was just over 114,000,000 
gallons, averaging 313,000 gallons per day or 59 gallons per capita. 

The maximum amount pumped on any one day in 1935 was on 
Monday September 2, when a little over 590,000 gallons was recorded, 
and the minimum was on Sunday February 3, with just over 70,000 
gallons. The total installed pumping capacity is at present a little 
over two million gallons per day, which will be increased on comple- 
tion of the second gravel wall well and treatment plant to two and 
one-half million. 

_ Of the water pumped into the system during the year just over 
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82 percent was actually resold through meters, leaving 18 percent 
used through hydrants, private fire lines etc., and otherwise unae. 
counted for. 

The direct cost of pumping water comprises electrical energy, 
fuel (in Simcoe’s case natural gas), operating wages, and repairs and 
supplies for the pumping equipment and pumping stations. | On this 
basis water is delivered into the Simcoe System at the pumping sta. 
tion for 44 cents per 1,000 imperial gallons. 

This is 57 percent of the operation and maintenance costs of the 
system which are made up as follows: 


ercent 


In the above cost figures no mention has been made of debt 
charges or of reserves for depreciation and contingencies. These 
factors apply to the Simcoe System and are provided for in its rate 
structure, but as Kipling says that is another story. 

The original punips which are still in use and delivering their 
original rated capacity are two triplex plunger pumps each having 
three pistons of ten inch diameter and ten inch stroke. They are 
double geared and the speed reduction is such that a speed of three 
hundred revolutions per minute on the driving shaft results in forty 
strokes per minute. Shortly after installation the plungers or pis- 
tons were fitted with bronze sleeves and the tool marks still visible 
on them are an indication of the minimum amount of wear occasioned 
in over twenty-five years practically daily operation. 

These pumps are driven by two vertical natural gas engines, whose 
normal crank-shaft speed is three hundred revolutions per minute, 
one being a two cylinder rated at fifty horsepower and the other a 
three cylinder rated at 80 horsepower. The four units are installed 
in line, an engine being at each end and all are connected by clutches, 
the arrangement being such that the three cylinder engine may be 
used to drive both pumps; or by sliding the driving pinions of the 
pumps along the drive shaft by controlling levers, either engine may 
be used to operate either pump. Normal use however is that each 
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- eondition is now taken care of by the automatically controlled deep 
well supply adjacent to the standpipe and to which reference has 
previously been made. 
used as required to augment the deep well supply at the standpipe 


holidays. 


engine regularly operates the pump adjacent to it. The en engines 
are started by compressed air with the usual auxiliary apparatus. 
These pumps and engines were considered adequate until 1917, 
when due to a decrease in gas main pressure during severe weather 
the dependability and adequacy of the natural gas supply for the 
engines was questioned. Accordingly a 50 horsepower electric motor 
was installed as an emergency unit, this being located centrally along- 
_ side the pumps and connected by means of a clutch and gearing so sr 


that it could be used to operate either of them. 


In 1924 a small two-stage centrifugal pump with a capacity of 


200 g.p.m. was installed, this being direct connected to a 20 


pret motor. The purpose of this unit was to maintain a full | 

standpipe throughout the night when the use of water was not such 
as to require the operation of a larger pump, but had grown toa 
‘ee where the level of water in the standpipe might be rather low > 
a the early hours of the morning without any night pumping. This = = ; 


The two-stage centrifugal pump is however 


during’ days of small consumption, such as winter sundays and =~ 
The original engines and pumps are nevertheless in practically — 
aily use, being called upon to pump the greater part of the water — 
- supplied during the busy summer season, and to take the place of 2 
the motor driven units which are shut down during the times of the | 
daily hydro-electric power peaks in order to relieve the Electrical — 
Department of the Public Utilities of a motor load which might | 
otherwise add to their cost of electrical power, this being purchased i 
from the Hydro-Electric Power Commission of Ontario on a maxi- ». 
mum monthly demand basis. = 
In case of a fire the operator at this original plant, known as the | i: 
Cedar Street pumping station, is notified by telephone and a gas | — 
engine is immediately started if one is not already in operation. He 


then stands by to increase pressure if required, and may on the direct 3 . 
instructions of the Chief of the Fire Department cut the standpipe es a 
from the system by hydraulic control and pump directly into the fe a 
mains raising his pressure at the pump house from 60 to 120 pounds 


per square inch. The normal speed of the three cylinder engine may © =, . mi 


} 
A, 28, Ni )BLEM 1929 
nt 
y; 
nd 
a- 


OW, STALKER [J. A.W. Wea, 


be increased if necessary for this purpose. Relief valves are installed 
on the discharge side of the pumps and on an increase of pressure 
beyond their manually controlled setting, water is returned directly 
to the sump well. 

There are two force mains connecting this pumping station with 
the system, the original line running easterly to the municipality and 
the other, installed in 1929, running southerly and connecting into 
the system at a point near the standpipe, this being also located im- 
mediately west of the town but a quarter mile south of the Cedar 
Street pumping station. A cross-connection between these two 
mains at a point close to the Cedar Street plant is normally open but 
may be closed off and pumping carried on through either line. This 
was particularly useful in 1930 when, following a change in road 
grade, due to permanent construction, it was necessary to re-lay a 
part of the original line moving it into the boulevard to get safe cold 
weather coverage. 

Ordinarily however water from the Cedar Street pumps divides, 
about two-thirds going directly to the municipality through the 
original line and the remaining one-third going to the system nearer 
the standpipe. Installation of this latter line reduced the normal 
pumping head at the Cedar Street pumping station about six pounds. 

One other point, which is perhaps worth mentioning, is that the 
operation of the natural gas engines helps very materially in heating 
the Cedar Street pump house during the winter months, and so re- 
duces the fuel bill for this station. 

In this brief description of a part of the Simcoe Waterworks, an 
attempt has been made to show how a system may sometimes be 
extended and improved to take care of increasing demands at a 
minimum of capital expense, and also how adequate maintenance 
may prolong the efficient life of the plant. 

(Presented before the Canadian Section meeting, April 1, 1936.) 
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WATERWORKS PROBLEMS OF A SMALL MUNICIPALITY 


By W. G. BREEN 


(Superintendent, Hydro Electric and Waterworks Department, Port 
i Stanley, Ontario, Can.) 


“This paper will not discuss any of the many problems except 
those of source of supply, water treatment for purification and 
pumping equipment. 

Perhaps those of you who live inland will wonder why supply 
problems arise to those whose source is one of the Great Lakes. 
About all that may be said in favor of this supply is that the water 
is wet and of abundant quantity. The quality and potability of 
water received and delivered is the problem. True, there is plenty 
of water near at hand, but a lake full of apparently clear water may sy 
have its border changed to a strip of brown, turbid water of a width 
of three miles in half an hour. Wind and weather conditions are the 
cause of this sudden change, especially in Lake Erie, as it is so shallow 
and easily disturbed. Large systems with their financial backing, 
and up-to-date equipment can readily cope with such an emergency, 
but difficulties arise for the small system with little money to spend. 


SOURCE 


Previous to 1912, Port Stanley, like many other municipalities, 
was faced with the acute problems of danger of disease epidemic, fire 
hazards, and lack of private supplies. Construction of its system 
was begun in 1912, and the financial resources were limited and 
considerable ‘‘chiselling’’ had to be done to keep within estimates. 
The system, due to its lay-out, and large area to be covered, does not 
lent itself to flexible operation and good pressure regulation. These 
are all reflected in annual operating cost. Much of the equipment 
installed did not outlive the debenture period, and depreciation 
became a big annual item. Naturally Lake Erie was chosen as the 
source of supply. 

The pumping station is situated on a sand shore of the lake which 
makes an excellent bathing beach that presents a problem from a 
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health stand-point. This fine, shifting sand changes to coarser sands 
and finally gravel at a depth of fifteen feet, where clay is encountered, 

The original supply works consisted of a rectangular conerete 
caisson 20 by 25 feet in area, sunk through the sand to the clay or 
near it, by means of a knife edge on the bottom of the caisson. The 
walls at the top of the knife edge were perforated with 3-inch tile on 
a 9-inch spacing, through which water filtered into the caisson. The 
résult was pure, clear water, but very hard. Lake Erie water jg 
noted for its hardness. No effort was made to remedy this difficulty, 
The pump-house was erected on this caisson, which became the pump 
well and the clear water well. For a time after the first well was 
erected no treatment of any kind was required, and an excellent water 
supply seemed assured. After a few years, however, Port Stanley 
became a popular summer resort with many cottages, amusement 
parks, restaurants, and refreshment booths, with the consequence 
of heavy increase in demand for water. Receding lake levels and 
heavy silting of gravel in the immediate vicinity of the well perfora- 
tions made it possible to obtain sufficient water. In 1922 a second 
well, similar to the first, was constructed, and finally in 1929 a series 
of five caissons of varying dimensions were completed. ‘The result 
was as unsatisfactory as before, or even more so, because it seemed 
that as each well was sunk the sand bar or shore line extended out 
with it by wind action much as it does at breakwaters,etc. Lake Erie, 
being of shallow depth is easily stirred up by the slightest storm, which 
would not disturb the other lakes. The water becomes very turbid 
and agitated. 

About 1922 a home-made chlorinating plant was installed. It 
consisted of a small concrete chamber, in which was mixed hypo- 
chlorite of lime with water, and the liquid fed to the suction line of 
the pump. This solved the problem for a time, but was not satis- 
factory because of difficulty of regulation and also lime sediment 
reached the distribution system, attacking wrought iron pipes of 
the system. 

Until 1928 the pumping equipment consisted of one 50 HLP. 
Mather and Platt, 20,000 G.P.H. pump and one 6000 G.P.H. Gould 
Triplex plunger pump. The big pump especially created unfavorable 
power conditions. In 1928 it was replaced by a 10,000 G.P.H. 
Moore centrifugal pump powered by a 15 H.P. 220 volt, 3 phase 
Westinghouse line-start motor. This pump is still giving excellent 
service when operated : alone. In 1931 the Triplex pump was replaced 
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by a 15,000 G. P.H. Babcock-Wilcox, Goldie~-McCulloch centrifugal 
pump operated by a 25 H.P. 220 volt, 3 phase Westinghouse line- 
start motor, and a 35 H.P. Hercules gas engine with a 500 gallon fuel 
storage tank for emergency purposes. Here considerable difficulty 
arose because of variation in characteristic curves of the two pumps. 
The small pump cuts out of service at 168 feet head; while the luge 
one has a head of 205 feet. 

In 1928 upon a mandatory order from the Provineial Board of 
Health, a Wallace and Tiernan suction type chlorinator was installed. 
This solved our chlorinating problems after we became familiar with 
the construction and operation. It has paid good dividends upon 
the cost price in saving of operation over the old system, ‘besides 
assuring safe water for our consumers and relieving the operator of 
anxiety and worry. 

In 1932 a second 66,000 gallon elevated tank was installed on a hill 
approximately one and one half miles from the pumping station at 
the same elevation as the first tank installed in 1912. The first 
is situated about 600 feet from the pumping station. The construc- 
tion of the second tank partly solved problems of pressure regulation 
in the district about two miles east of pumping station, besides giving 
increased storage facilities and more advantageous use of power con- 
sumption by permitting pumping at off peak periods. 

In 1933 it was decided to lay an intake into the lake. An 8-inch 
pipe was extended about 150 feet into about 4 feet of water. This 
was constructed in winter on the ice and lowered by cutting a channel, 
the action of the wind covering it. On the end was installed an elbow 
turned upward with a screen cylinder about 14 inches long and 10 
inches in diameter covered with }-inch iron plate 24 inches square. 
This pipe lead directly to the outer caisson or well and was controlled 
by a gate valve inside the well. 
ae 
wi TREATMENT 
_ At the same time two large pressure filters were installed and 
considerable change in pumphouse pipe layout was made, to lend 
itself to the operation of these filters. A Venturi tube was inserted 
in the filter influent and an alum pot for the introduction of alum. 
The intake proved troublesome due to its short length and high rate 
of flow. First it was not out far enough to avoid bathers. It:col- 
lected debris and mud in summer ‘and was completely frozen over 
in winter, pete off the water aa The filters a because 
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of an excessive overload of mud. Too much backwashing wag re. 
quired, thus diminishing amount of water delivered to the distriby. 
tion system. A very low consumption of alum indicated that the 
Venturi tube was not effective in diverting sufficient flow through 
the alum. Due to the water being taken too close to shore it wag of 
high temperature thereby increasing waste because more was drawn 
off at taps in house and other places of consumption in an attempt 
to get cool water. 

With all these problems still unsolved the citizens voted $20,000 
in 1935 to improve pumping and purifying plants and install a proper 
intake. A 12-inch cast iron intake was laid 1600 feet into the lake, 
terminating in 20 feet of water. Four of the old infiltration wells 
were converted into settling basins. Part of the well under the pump 
house was appropriated for a settled water well and part for low lift 
pump well and intake entrance. In a space in each of the first and 
second wells was constructed a battery of vertical flow coagulating 
tanks. Powdered alum is fed into the low lift well at the intake en- 
trance by an Omega dry feeder. Low lift pumps in duplicate are 
of the vertical centrifugal type. The wells from which they pump 
is separated from the intake entrance by a bronze screen, 3 feet by 
4 feet and of quarter inch mesh. 

Comparatively cool water, free from excessive contamination but 
still subject to turbidity at times, is pumped through the mixers and 
settling tanks into the settled water or high lift pump well. From 
here it is forced through pressure filters to the distribution system. 
Many of our old problems have been solved and some new ones pre- 
sented. Ice, débris and warm water are a thing of the past, but sud- 
den turbidity is still a problem that requires an attendant on duty at 
all hours of operation. As this is being written we are having an 
experience to verify this statement. Kettle Creek empties into Lake 
Erie at Port Stanley. Due to heavy ice from 14 to 20 inches thickness 
being in the lake as far as can be seen, the flood water from above 
mentioned creek spread out over the intake and turbid water was 
noticed immediately at the pumping station. Quick action had to 
be taken to correct the trouble. It took a few days experimenting 
to find correct amount of alum before water came clear from the filters. 
Of course this amount will vary according to turbidity. At present 
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the rate of alum feed appears to be about two and a half grains per 
gallon of water pumped. This is based on the name plate rating of 
the pump. There is no other method installed at present to measure 
volume of water pumped. 

With the new plant, not only annual debenture payments are 
increased, but operating costs as well, due to constant attention. 
Formerly, when operating with the old natural infiltration system, 
it was only necessary for public utilities service men to visit the plant 
at most every two hours, or in case of power failure. An attempt 
is being made to reduce this cost by having a man capable of other 
work, such as meter inspection and repairs, on duty. The manage- 
ment operates two utilities, the electric distribution system as well 
as the waterworks system. The operating cost may be reduced by 
coérdinating some work of each, assigned to the one capable employee. 


DISTRIBUTION 


- Our distribution system covers an area of approximately three and 
a half square miles. The greatest distance from the pumping sta- 
tion to the extreme east end is two miles, one mile west and one mile 
north. 

Service is given to 600 domestic consumers, 75 commercial and one 
industrial, an ice plant that demands about 30,000 gallons per day 
during summer months, also a swimming pool demanding 100,000 
gallons every night during June, July and August. Our maximum 
daily demand is seven times the average daily demand throughout 
the year, and ten times the minimum daily demand. It can be seen 
that the heavy capital outlay is required to give service over such a 
wide area with few services from which to collect revenue. 

Summer resort residents apparently are not noted for neighborli- 
ness. They like to live far apart, thus increasing cost of serving them 
with both utilities. They, as well as the permanent population, are 
particular about the quality of the service rendered them. They are 
used to good service and a supply of safe water in the cities from which 
they come. They become anxious and sometimes move out if the 
water supply becomes disturbed or in any way dangerous. Evidently 
their home M. O. H. has been warning them to be careful of water 
supply in summer resorts. 

Our population varies from 4000 in summer (some days and week- 
ends to 20,000) to about 800 in the winter time, when everything 
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tends to freeze up, even the water distribution system, and the sto 

tanks, as has been the case this past winter. Considerable water jg 
_ lost and wasted in attempts to keep the water running. 
No doubt these problems are characteristic of municipalities 
situated on the Great Lakes and the remedies adopted in our ¢ase 
‘ieee should be found effective elsewhere. 
a (Presented before the Canadian Section meeting, April 1, 1986.) 
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PITOMETER WATER WASTE SURVEY 
“at LACHINE, QUEBEC 
sai iadso 10 

(City Engineer, Lachine, Quebec,Can.) 


The City of Lachine is situated ten miles west of Montreal, and 
has a population of 19,000. 

The water system was constructed in 1889, at which time, water 
was pumped directly from the St. Lawrence River to the water mains. 

In 1932, a filtration plant and new pumping station were erected 
and the old pumping station was discontinued. The total water 
consumption of the City is measured by a 20-inch by 10-inch Venturi 
meter. Water is filtered and chlorinated at the filtration plant: 
Right rapid sand filters provide a capacity of 8,000,000 gallons 
per day. 

The water distribution system has a total range of 33.2 miles of 
main varying from 4 to 20 inches in diameter. 

There are no tanks or reservoirs. All industrial plants are metered 
for commercial use, the fire lines are also generally metered and 
about 10 per cent of domestic consumers are metered. 

After the very cold winter of 1933-1934, where many water mains 
and house connections were frozen, the water consumption increased 
every month until the New Station was pumping at full capacity, 
reaching a peak of over 7,000,000 gallons per day. Emergency re- 
pairs were done, but still the water consumption was about 5,000,000 
gallons per day. A pitometer survey was then decided on and a 
contract was awarded to the Pitometer Company of New York. 


SCOPE OF THE WORK 


1. A test of the pumps and Venturi meter at the pumping station 
for slip and an accurate measurement of the total consumption of 
water by the City for a period of twenty-four hours. 

2. Division of the water system into five districts and a measure- 
ment of the water consumption in each district for a period of twenty- 
four hours. 
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3. Further investigation in all districts where excessive waste 
was indicated by the Pitometer for the purpose of locating all under. 
_ ground leaks in the mains and service pipes. 

_ 4, Test for accuracy of all meters larger than 3 inches in size jp 
_ place, under normal condition without removal; also test of large 
consumers for the purpose of detecting illegal use through fire lines 

otherwise. 

_ 5, The preparation of a map of the distribution system showing 
the location of all Pitometer gauging points, district boundaries, ete, 
In the first place, the filtration ome and pumping station being 


a ‘deleabe in the pumping units; on the test of the Venturi meter, 

-. a _ having a difference of two per cent with the Pitometer, was therefore 

found correct. 

ee A twenty-four hour Pitometer measurement of the total consump. 
i os tion of the City was made on the 20-inch main supply in the filtration 


plant with the following results: fo We 
Total consumption............... shin .. 3,865,000 gallons per day 
4,450,000 gallons per day 
Minimum night rate...................... 3,170,000 gallons per day 
Ratio minimum night rate to total....... 82 percent 


DISTRICT MEASUREMENTS 


The City was divided into five districts and the consumption in 
~ each district was measured for a period of twenty-four hours. Charts 
_ showing the variation of consumption in each district was produced. 

District No. 1 comprised a residential area including the Lachine 
_ _High School. In that No. 1 district, the leakage located amounted 
to 390,000 gallons per day. 

District No. 2 comprised industrial plant tenements and two 
schools. In No. 2 district, the leakage located was 342,000 gallons 
per day. 

District No. 3 was a sparsely settled residential area, including two 
schools and the Dominion Engineering Works Co., Limited. Leak- 

— located was 363,000 gallons per day. 

District No. 4 was the main mercantile area of the City and several 
industrial plants of which one was the Dominion Bridge Co., Limited. 
It also supplied the Town of Lasalle, contiguous to the City of 
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Two valves were found broken. 
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Lachine, and is metered. That No. 4 district showed a leakage of _ 
867,000 gallons per day, which is caused by the density of population — 
in a limited area. 

District No. 5 was a sparsely settled residential area, including _ 
several small industrial plants. Leakage located was 133,000 gallons _ 
per day. | 


Special tests were made in several cases. One on the 20-inch-sup- 


ply main showed a leakage of 40,000 gallons per day. 

Special test was also made at the Dominion Bridge Co., Dominion 
Engineering Works Co., The Steel Co., of Canada Limited, Jenkins 
Valve Co., and Canadian Allis Chalmers Co., Limited. Those tests 


have owe many defective fire lines, proving ‘that inspection of same 
should be done at frequent intervals. 
24 haw d the teytal flow 
METER TESTS 

All industrial meters of 4 inches and over in size, were tested. Two 

fire lines meters were found stopped. 
Forty-eight valves were found leaking when in operation. 7 
Five valves were found closed. phat 


Eight valves were found with bent sterns. 
_ Two valves were found too stiff to operate. 


_ Six valve boxes were found below grade. 
_ For the six months’ period ending January 1, 1935, the average 
daily consumption was 4,390,000 gallons per day and was distributed 


Metered consumption. .... 363,000 8.3 
_ Under registration industrial meters.............. 40,000 0.9 
| Underground leakage... 1,377 ,000 31.3 brs 
Estimated house 746 ,000 17.0 
2,614 ,000 59.5 di 
 Unavoidable leakage at 3,000 gallons per day per Tr 
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UNDERGROUND LEAKAGE ate 


~ In all, 95 underground leaks were located. Where possible, photo- 
graphs were taken of the leaks on the main. The different types 
of leaks are classified as to nature and amount. 


T 

66 414,000 


Basing cost of production at 2 cents per 1,000 gallons, repairs of 
these leaks represent an annual saving of $10,052.00. ie 700 Svea 


ad, 


HOUSE WASTE 


In addition to the above leaks, we must add the leakage of house 
fixtures. The total number of leaking fixtures are classified below: 


Total leaking fixtures, 685. Estimated waste, 746,000 gallons per 
day. Basing cost of production at 2 cents per 1,000 gallons, repairs 
of these leaking fixtures represent an annual saving of $5,445.80. 

The combined total of underground leakage and house waste 
located, amounted to 2,123,000 gallons per day, and represents an 
annual preventable loss of $15,497.00, distributed in approximately 
equal amounts between power and chemicals. 
al That Pitometer Survey was organized and started in December, 
__-: 1934, had to be postponed during winter and finished in July, 1934. 

a Over 1,000,000 gallons per day of leaks has already been stopped. 
The work was suspended during the winter, 1935 and was carried on 
the following summer. 

The total consumption of water in 1933 was 1,474,861,000 gallons. 
In 1934, we had 1,718,745,000 gallons; a surplus of 243,884,000 gallons 
per year. In 1935, after part of repair work was done, the result is 
actually 1,354,258,000 gallons; a saving of 364,487,000 gallons per 
year; penetonny 1,000,000 gallons per day. 
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Savings thereby effected were: Power, $3,288.87; chemicals, 
$2,337.08 and labor, $697.83, making a total of $6,323.78. 

When repairs on leaks found by the Pitometer Survey will be y 
completed, we shall be able to effect a saving of approximately 


-_[n order to facilitate the work of the survey, we divided the City in 
five districts, owing to its configuration and flow control. 

To give you an illustration, let us take district No. 1 as anexample. 
Three mains permit the water to flow to that district; one on Notre- 
Dame Street, one on Broadway and one on St. Joseph Street. Two 
were closed, permitting only one water main on Notre-Dame to 
provide water to the district. The Pitometer was then tapped on 
that main using a 1-inch corporation cock; photographic registration 
was made through the pitometer during 24 hours and the total flow 
of water was obtained for that time. 

That gave the maximum and minimum flow of water in that 
district during 24 hours. 

Next, we stopped incoming flow of water on all streets on that 
district between the hours of 11 P.M. and 5 A.M. and kept on regis- 
tering on Pitometer, and found through it the total leakage in that 
district. 

For locating those leaks, we found it was to the better advantage 
of any municipality to have a trained man as so many instruments 
are used for that purpose like the Aquaphone, the Leakaphone, the 
Geophone and other electric appliances. 

The Pitometer Survey in Lachine has been organized and executed 
in such a manner that every year, it will be possible to check and con- 
trol the flow of water in every district. To that effect, fifteen gauges 
were placed permanently by installing corporation cocks in manholes. 

The City has purchased a Cole Pitometer rod and accessories. 
The operation of the Pitometer and of locating leaks was taught to 
one of our engineers who is now able to perform all the work con- 
cerning same. 

After all leaks located by the present Pitometer Survey are re- 
paired, it is our intention to have our Filtration Plant Staff make an 
annual survey of one district. 
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CONCLUSIONS 


In concluding, I may mention a few recommendations that were 
made to the City Council of Lachine to prevent loss of water: 

1. House inspection to be made at least once a year with a complete 
and detailed report on each house. 

2. Meters to be installed on all services where cellar siphons and 
ice machines are in operation. 

3. Installation of compound meters on every fire line of all manu- 
facturers. 

4, All valves to be operated at least once a year and to be main- 
tained in good condition. 

(Presented before the Canadian Section meeting, April 2, 1936.) 
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«SELECTION OF COAGULANTS 
oil 

| (Superintendent and Chief Chemist, Water Purification Plant pier 

Dallas, Tex.) 


Although workers in water purification processes have been using — 
various methods and chemicals for coagulation for over forty years, 
there is much room for study in determining the best adaptation of 
methods to the water to be treated. By method not only the kind 
of coagulant is meant, but the type of mixing, including period of 
mixing, velocities and periods of quiescence, how to handle the mixed 


water to sedimentation basin, time elements, secondary treatment *_ 


with coagulant and chemical condition of water applied to filters. 

Of late years designers of large plants have found it feasible to 
study a source of supply with pilot plants before attempting design. 
Wherever this is possible such a means of approach has been very 
useful in producing a satisfactory design. Probably in a majority 
of cases there is no other phase of water treatment so vital to the 
production of a suitable finished water as is the coagulation process. 
Without adequate coagulation the filters cannot function properly 
in delivering a clear effluent. In fact, our filters are very limited in 
their range of adaptability to different degrees of agglutination of 
material passed to them. Along with turbidity many supplies must 
have satisfactory color removal. Bacterial concentration must be 
reduced by suitable coagulation. Again the handling of taste and 
odors is aided greatly by proper coagulation. 

This discussion will be limited wholly to the practical side of the 
subject. If it is desired to obtain information about hypotheses of 
coagulation, the recent works of the following authors will be helpful: 
Bartow, Black and Sansburg (1); Black, Rice and Bartow (2); Miller 
(3); Theriault and Clark (4); also, the many helpful articles by John 
R. Baylis (5), and others. 

It is interesting to know how coagulation is accomplished on dif- 
ferent types of water in various sections of the country. The raw 
water characteristics are usually Senne factors in the selection 
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of types of stain although there are imine where design of 
treatment plant forces the use of a certain coagulant until the ener. 
getic operator can orientate conditions of design by changes such 
as to give more flexibility in operation. Table 1 indicates some of 
the variable conditions in raw water and the different methods of 
application of the coagulation processes. 

At Eugene, Oregon (6), a treatment plant of 12 m.g.d. handles the 
McKenzie River water of 18 p.p.m. total hardness, low average tur- 
bidity, no color, and pH of 7.0 to 7.4. In 1933 alum was required 
only 55 days. Settling basins and filters of conventional design give 
the water the only treatment other than chlorine for the remainder 
of the time. The maximum dosage was 1.54 g.p.g. when turbidity 
was at 400 p.p.m. The optimum pH is 6.6. Apparently enough 
alum and lime were added to establish this optimum pH for such 
treatment. 

Mechanical mixing gives complete floc formation. Mixed water 
is distributed to settling basins through a perforated baffle wall (an 
excellent preventive of floc breaking). This perforated baffle wall 
has 4-inch diameter holes on 24-inch centers. The settling time is 
12 to 16 hours. When the plant reaches its capacity, this time will 
be 4 hours. The applied water turbidity is less than 10 p.p.m. It 
would seem that design and coagulant were chosen to meet a com- 
paratively easy problem in coagulation. 

At Appleton, Wis. (7), a surface water carrying an average color 
of 40 p.p.m., maximum 80, and minimum 25, presents the larger 
problem. Turbidities are, average 28 p.p.m., maximum 100, mini- 
mum 8. Carbonate hardness is 139 p.p.m., maximum 157, mini- 
mum 118. pH values are from 7.8 to 9.0. Alum alone is used for 
coagulation, the feed varying between 2.5 and 3.5 grains per gallon. 
The dosages are said to be high in order to reduce the color from 80 
to 12 p.p.m. The pH of the finished water is 7.2. Mixing is ac- 
complished by injection of coagulant into the raw water line before 
aerators. Apparently no other mixing of any consequence is pro- 
vided. The detention period in the settling basins is from 9 to 24 
hours. 

This plant is typical of a case where an operator has used initia- 
tive and ingenuity in providing necessary mixing partially to over- 
come an important omission in design. In line with our coagulation 
study this might be a possible interesting development if it were 


possible to make some — in mixing and settling. A variety 
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TABLE 1 
Showing representative types of water to be coagulated 
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of vere could be used along with lime treatment. A softer 
water for public consumption at reduced cost of operation might be 
an inducement. 

At Baltimore, Md. (8), coagulating problems are not severe, the 
alkalinity or carbonate hardness being average 37 p.p.m., maximum 
44, minimum 29; with low color average 6 p.p.m., maximum 25 
minimum 3; pH of 7.1 average, maximum 7.5, minimum 6.9. The 
design of the plant is well suited to treatment conditions. Alum is 
used as the coagulant, with lime as a conditioner. The alum feed 
averages 0.70 g.p.g., maximum 1.27, minimum 0.34; line 0.37 g.pg., 
1.35 maximum, 1.0 minimum. Alum is manufactured on the plant 
and is applied as a diluted syrup, making coagulation cost low. 

Excellent facilities for laboratory research at this plant have de- 
veloped the proper balance of design and treatment for the work to 
be done on the water. 

At Grand Rapids, Mich. (9), a softening plant handles a carbonate 
hardness of 189 p.p.m. average, 256 maximum, and 124 minimum, 
Turbidity is fairly low, 32 p.p.m. average, 730 maximum, 5 minimum. 
Average pH is 7.8. Excess lime treatment is used which is equivalent 
to treating a part of the water to excess and mixing with the untreated 
portion. Precipitation of natural magnesium greatly aids in coagu- 
lation. The alum dose averages 0.71 grain, maximum 2.94, minimum 
0.42. Mixing consists of round the end baffle system with flexible 
time period. Pre- and post-chlorination are used. Lime treatment 
averages 7.7 grains, maximum 10.9, minimum 5.9. At times, all or 
a portion of water is passed through a clarifier. Coagulation is quite 
satisfactory except that excess lime must be used in sufficient quanti- 
ties to precipitate approximately 50 percent of the magnesium. A 
study of the different types of coagulants with this water might show 
some advantage of one over the other with respect to economy of 
treatment. 

At Topeka, Kan. (10), the average raw water turbidity is 1875 
p.p.m. A carbonate hardness of 209 is treated with 10 grains of lime 
and 1.2 grains of alum. This is another example where excess lime 
treatment aids in the coagulation process. A 50 percent reduction 
in magnesium results (14.2 to 7.3 p.p.m. as magnesium). In all 
probability the optimum pH for alum coagulation was maintained 
with a large amount of lime which was primarily used for softening. 
At Fort Wayne, Ind. (11), excess lime is again used which is an 


aid in in to the optimum. 
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er average turbidity of the raw water is only 64 p.p.m., maximum 123, 
Ne minimum 46. pH average is 7.6 and the finished water 9.2. Re- 


carbonation apparently reduces pH considerably from above 9.2 in 
e the mixing chamber. 

n At Dallas, Texas (12), lime and iron have been used for a number 
, of years. With the advent of the Bachman Plant, a more varied 


e range of turbidities had to be handled, necessitating large quantities 
8 of iron sulphate. These reactions were slow and sluggish at times 
d of high turbidity. The average carbonate hardness of the raw water 
’ is 113 p.p.m., maximum 173, minimum 40; average turbidity 341 
t p.p.m., maximum 3940, minimum 34; pH average 8.1, maximum 

8.4, minimum 7.9. The lime treatment applied was 4.2 grains, 
j maximum 6.3, minimum 2.2; iron sulphate chlorinated, average 0.60 


) grain, maximum 1.52, minimum 0.15. The ratio of chlorine to cop- 
peras is close to the theoretical 1 to 7.8. About 50 percent of the 
: time alum is used as a secondary coagulant (0.60 grain). This 
secondary dose could be eliminated with suitable means of floecula- 
tion and suitable settling basin design. At present the original floc 
is broken by passing through three sets of constricted openings or 
gates before reaching filters requiring the use of secondary coagula- 
tion. 

The above examples typify the variety of conditions with which 
the water purification and filtration engineer has to deal in providing 
adequate and economical means for the satisfactory production of 
water. The interesting and impressive fact is that a general formula 
for the creation of a design or selection of a coagulating system can- 
not be made to apply in all cases. A thorough analysis of raw water 
conditions is quite necessary and pilot plant operation of at least a 
years time is highly desirable when a surface supply is involved. 1, 

MIXING 

In thinking of coagulation, the first consideration is to get the 
coagulant to the water in the most effective way which must be by 
mixing the two intimately enough to start and complete thorough 
chemical reaction. This mixing must be done quickly and thor- 
oughly and the proper provision made for flocculation. Flexibility 
of intensity and time are absolutely essential to proper coagulation. 
Designers have different ways of doing this such as providing baffle 
chamber sections, mechanical agitation, ete. Too often many fac- 
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tors mele as time and velocity for a wide range of flows, considera. 
tion for the maximum degree of coagulation necessary, ‘cognizanee 
of the fact that temperature range from 86° to 35°F. has influence 
on time of mixing, are often neglected. 

In general, a quick rapid mix with a subsidence period is highly 
desirable, particularly at summer water temperatures. Winter 
temperatures require more time with slower mixing. This means 
that for the same flow a winter condition will require from two to 
three times as much baffled mixing chamber as in summer. Mechan- 
- jeal mixing should be correspondingly adjusted. Such flexibility of 
mixing can usually be obtained in case of baffle chambers by install. 
ing take off gates at quarter way points or at any other fractional 
division advisable. In case of mechanical mixing, enough units : 
should be installed to take care of maximum conditions and provision 
made for cutting out units as occasion would demand. Flexibility 
in this important step of coagulation is usually neglected and there 
is great need in most plants for careful consideration in design. The 
cost of this extra equipment is negligible and is saved in a short time 
in cost of materials for operation, = 


per 
SETTLING 


Following the mixing operation a well formed floc should be hand- 
led rather carefully and preferably permitted to be gently circulated 
through the water by some type of flocculating system in order to 
make clarification more complete. Continuous removal of sludge is 
worthwhile, particularly in the case of softening plants. Sludge may 
be re-pumped to mixing basin provided sludge is suitable in charae- 
teristics. 

In cases where settling basins are depended upon to settle the floe, 
the formed floc should be conveyed from settling basins to mixing 
chambers without too few constricted openings which tend to break 
up the coagula. These coagulated particles, once formed and broken, 
are reformed with great difficulty. Often times, large basins without 
baffles present a problem of short circuiting which could be corrected 
by construction of a baffle through the center as high as within four 
or five feet of the surface of the water. Settling period should be 
divided into primary and secondary sections, with provision for 
secondary coagulation between the two periods of settling, proper 


mixing for the coagulant being provided at this point. = zo i 


| 
¥ 
: 
a 
4 


COAGULANTS 


AB SELECTION OF COAGULANT 


Next in importance is the selection of the proper coagulant, that 
is one that will primarily coagulate the particular water in question 
the best and in the most economical manner. As the problem of 
coagulation has been studied during the last few years, the fact that 
certain coagulants will not work equally well on all waters has been 
well established. In the field of general municipal use are aluminum 
sulphate, ferrous sulphate and lime, ferric sulphate, ferric chloride, 
ferrous chloride, chlorinated ferrous sulphate or chlorinated cop- 
peras. The cost of these materials are not so widely divergent, but 
of recent years the limitations of each have been discovered through 
new found knowledge of their performance. For instance, the appli- 
cation of the ionic measurements in solutions expressed as pH has 
brought out the fact that aluminum sulphate in waters of an average 
buffer condition does not work as well above 7 and below 9.5 or 10 
as below 7 and above 10; and that at certain pH values the aluminum 
precipitate is quite soluble. Also, it is possible to find the “optimum” 
pH at which the aluminum sulphate will work best in a given water. 
Aluminum sulphate has been found to work at a disadvantage with 
soft colored waters. Yet with a considerable variety of waters 
aluminum sulphate has measured up well with satisfactory and 
economical performance. 


linen 


Tron salts alirgaco ai 

a ate, iron salts have been given more attention, particularly 
the trivalent iron (chlorides and sulphates). These operate well 
in a wide range of water pH (3 to 13) making them appealing to the 
water purification profession that has to handle high variable tur- 
bidities and highly colored waters. Such iron salts are marketed, 
some in crystalline form and others as expensive solutions. The 
salts, particularly sulphates, are soluble with some difficulty and in 
solution iron salts are often erratic in behavior, changing to more 
or less inert compounds in so far as coagulation is concerned. Toa 
certain class of waters the use of iron salts have proven not only very 
desirable coagulants, but they are a valuable asset in the form of low 
operating cost. The water works man, being attracted to iron salts, 
very readily observes from experience that he can manufacture his 
own material at low cost and remove a very serious objection to the 
use of such salts for coagulation, namely that of low efficiency due 
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to instability of the iron salts in solution. He finds that he gap 
make ferrous or ferric salts with cheap chlorine and scrap iron; or 
he can buy a ferrous salt and oxidize it to the more efficient ferrie 
salt by the use of chlorine as he uses the coagulant. 

_ Attention is called to the experience with chlorinated copperas ag 
a coagulant used with lime at Dallas (13). A period of three months 
has been previously reported. The results were very gratifying 
presenting a saving in cost of coagulant and the product of coagula- 
‘Gm was very much superior in physical characteristics. The fol 


lowing advantages of chlorinated copperas were evident, 

1. Floc formation clean cut and of proper size. by, osha 

2. Floc particles tough and resistant to breaking up. 

3. Rate of settling is influenced by density of suspended materia], 
Large amount of coarse suspension in raw water or a high 
bicarbonate alkalinity for reaction with lime aids in settling, 

wf Floc ordinarily settles well and residual small floc going to filters 

is distinct and of sufficient volume to load sand beds well 

nh _ without building loss of head unduly. 

5. Coagulating effect constant regardless of considerable variation 
in pH (8 to 9). 

6. In handling turbidities around 3,000 p.p.m., 0.5 g.p.g. chlorin- 
ated copperas will do the work if pH is elevated above 9.0 
with alkalinity showing 5 to 10 p.p.m. caustic. 

_ 7, A-saving in coagulant costs results. Over a three month period 

an average saving has been 67.6 cents per million gallons 

the ($10.50 per day) which amounts to a yearly saving of approxi- 
mately $4,000 at the Dallas plant. 

_ Table 2 indicates 2} years more of the same experience with the 

same satisfactory results. The estimated savings as shown by the 
three months experience was more than realized in the longer period 
and the plant also maintained the same standard of quality. How- 
ever, the mixing arrangement at Dallas could be greatly improved 
in the interest of coagulation. A flocculating system could be in- 
stalled, thus eliminating a small secondary dose of coagulant at the 
end of the settling period, thus producing another saving of $2,000.00 
per year. 

It is worth while to emphasize a statement about the arrangement 
of the oxidation system with chlorine used at Dallas. Ferrous iron 
solution is conveyed to the mixing chamber through a lead lined 
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can iron pipe. At the entrance to the mixing chamber a transite pipe 
} OF of 20 feet length is attached to the end of this feed line. The chlo- 
Tic rine solution line enters this transite pipe about 15 feet from the dis- 
charge end. The instantaneous oxidizing action makes available 
a8 at once a very potent and dependable coagulant of ferric sulphate 
ths and chloride for immediate use. As other coagulants have their 
ng, disadvantages, so chlorinated copperas has its disadvantages. In 
la order to have the chlorinated copperas work to the best advantage 
ob in small concentrations, either a heavy coarse turbidity or a bicar- 
TABLE 2 
Showing water characteristics and quantities of chemicals fed at Dallas, Texas 
rh INP.P.M. | |P.P.M. FOR 
& 
934 yearly average....... 4870/309| 30) 127) 4.1/0.51 7 
Average yearly price per 
1935 yearly average....... 3940|341| 36) 113) 4.2/0.59 8.7|1.17}0.88/0.58 
Average yearly price per 
is 0.0128 0.0338 
1936 6 months average. . . .|3000|166; 12) 149) 4.7/0.50 8 .3}1 .03/0 .92 
Average 6 months price 
per POUNA.., ... 0.013135 0.033 


bonate alkalinity of at least 100 p.p.m. expressed as calcium car- 
bonate must be present to furnish sufficient specific gravity of coag- 
ulum for proper settling. The presence of sufficient alkalinity and 
lime treatment to reduce alkalinity 60 or 70 percent is necessary 
for good action of coagulant. It is observed that the elevation of 
the pH to 10 or 10.5 increases the efficiency of coagulation. With 
alkalinities below 100 p.p.m. and fine colloidal like turbidities, in- 
creased quantity of ferrous sulphate chlorinated must be used, but 
even under such conditions the ratio of chlorinated copperas with 


lime to copperas with lime is about 1 to 2. By ‘ 


= 


i 
1 


L. C. BILLINGS 


a Table 3 shows rather vividly the savings effected by the substity. 
tion of chlorinated copperas and lime for copperas and lime, 


a Sy In 1934—8,146 m.g. coagulated saving 53 cents per m.g...... $4,300 
a P In 1935—7,631 m.g. coagulated saving 74 cents per m.g...... 5,600 
a In 1936, 6 months, 4,299 m.g. coagulated saving 65 centsm.g.. 2,800 
Total saving in thirty months...........+..e.++e+eeeeee $12,700 


2 From our experience, mostly from laboratory experiments, we 
. 3 i. believe that chlorinated copperas will best show its advantages jn 


Qoagulation costs at Dallas, Texas 
YEAR TURBIDITY CHEMICAL LBS. eter cost | LATION 
ra, | POUND | | 
M.G, 
1934 | Avg. 309 | Ferrous sulphate......... 72.4 |$0.01145 |$0.83 
Max. 4870 | Chlorine................. 9.65) 0.0322 | 0.31 
Min. 30: Alum (secondary coagula- 
ve. tion used 50% of time).| 40.4 | 0.0155 | 0.63 |$1.77 
| 1935 | Avg. 341 | Ferrous sulphate......... 83.8 | 0.0128 | 1.07 
Max. 3940 | Chlorine................. 9.63) 0.0338 | 0.33 
Min. 36 Alum (secondary coagula- 
eas tion used 50% of time).| 41.1 | 0.0158 | 0.65 ($2.05 
4986 | Avg. 166 | Ferrous sulphate......... 71.0 | 0.013135] 0.93 
mos. | Max. 3000 | Chlorine................. 8.55) 0.033 | 0.28 
Min. Alum (secondary coagula- 
os Sayeed tion used 50% of time).| 19.9 | 0.0153 | 0.30 | $1.51 


1884 Total unit coagulation costs if lime and ferrous sulphate used 


(FeSO, quantity $2.29 
1935 Total unit coagulation costs if lime and ferrous sulphate used 
1936 Total unit coagulation costs if lime and ferrous sulphate used 
a instances where lime is used for softening purposes, thereby assum- 


ing that the optimum point for ferric iron coagulation is produced by 
the lime addition. As to its efficiency in the acid zone, our informa- 
tion is not complete but others have had good results with acid 
waters ie appreciable quantities of color. 
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tity. SUMMARY 


While coagulation treatment has been in use a number of years, 
there is a need for study to balance design with chemical treatment 
, available. This can be worked satisfactorily in large installations 
! by use of pilot plants. 

‘ Varieties of raw water supplies are shown by giving examples of 
seven different cities over the country. 

we Of primary importance are flexible mixing facilities, proper floc- 
in culation, and careful handling of floc in settling basins in order to 
avoid breaking. Broken floc is slow to reform. 

Of second importance is selection of the coagulant. The limita- 
tions of each coagulant should be recognized in light of knowledge 


ma of raw water to be treated. 

~ A recent development is the greater use of iron salts for coagula- 

tion. 

— The use of chlorinated copperas and lime at Dallas is discussed. 
Two and one-half years of continuous use has resulted in satisfactory 
service and a total saving of $12,700.00 over the copperas lime treat- 

7 ment. 

zd (Presented before the Southwest Section meeting, October 12, 1936.) r > 

face ween lidiled he 

(1) Bartow, BLAcK AND ietaeiie Formation of Floc by Ferric Coagulants, 

5 Proc. A. 8S. C. E., December, 1933, page 1529. 


(2) Buack, Rick anp Bartow, Studies in the Formation of Floc by Means 
of Aluminum Sulphate, presented before Missouri Valley Section 
A. W. W. A., Sioux City, Iowa, October 25, 1932. 

(3) Minter, U. S. Public Health Service Public Health Reports 38,1955 

1 (1923), 39,1502 (1924), 40, 351, 1472 (1925). 

(4) THeRIAULT AND CxiarK, U. 8S. Public Health Service Public Health 
Reports 38,181 (1923). 


(5) Jonn R. Bayuis, Associate Editor, Water Works and Sewerage. 

, (6) F. Forp Norrurop, Operation of the Carl A. McClain Filtration Plant 
at Eugene, Oregon, Jour. Amer. W. W. Assoc., 26: 8, page 1085. 

(7) Wm. U. Gattaner, The Water Supply System at Appleton, Wisconsin, 


Jour. Amer. W. W. Assoc., 25: 5, page 704. 
(8) Baltimore, Md. Monthly Plant Reports, 1932. we top 
(9) Grand Rapids, Mich. Monthly Plant Reports, 1934. i, hactaiisins , 
3 (10) Topeka, Kan. Monthly Plant Reports, 1935-36. 75.2 ii, 
(11) Fort Wayne, Ind. Monthly Plant Reports, 6 Months, 1935. Ath, 
(12) Dallas, Texas Monthly Plant Reports, 1935. ss. 
(13) L. C. Biruines, Experience with Chlorinated Copperas as a Coagulant, 
Water Works & Sewerage, March, 1934. 


1953 
A, 
= 
a 
: 


rather cs affected by the 


eonelad ot ybule tot heart at 
THE OCCURRENCE OF GROUND WATER WITH 


to 8 REFE RENCE TO CONTAMINATION! 


(Senior Engineer, Division of Ground Water, U. S. Geological Survey, 
Washington, D. C.) 


Water that is obtained from wells is derived from that part of the 
earth’s crust in which the interstices or openings in the rocks are filled 
with water under hydrostatic pressure. This water is known ag 
ground water or underground water. Its value as a source of water 
supply for human use is in a large measure dependent upon its bae- 
terial purity. 

Ground-water supplies in general, when properly developed in 
suitable localities, are usually of satisfactory bacteriologic quality, 
Their purity is the result of the action of many factors that tend not 
only to prevent the accumulation of contamination underground but 
also to prevent the transmission of harmful bacteria from an original 
source of contamination. 

Were it not for the fact that many processes are constantly at work 
to prevent the accumulation of contamination underground all con- 
tamination that may have reached the ground water since the begin- 
ning of time would still be present init. The procurement of potable 
ground water for human use would therefore be absolutely impossible. 
Among the factors mentioned by Stiles and Crohurst? as having a 
bearing upon the accumulation of bacteria are the hydrogen-ion 
concentration of the soil, the effect of drying because of changes in the 
level of the ground water, competition between bacteria, protozoan 
competition or the devouring of bacteria by other organisms, tempera- 
ture, the presence or absence of a food supply, the natural death rate 
of bacteria, the effect of capillarity, which may carry bacteria into 


1 Published with the permission of the Director, U. 8. Geological Survey. 

2 Stiles, C. W., Crohurst, H. C., Thomson, G. E., and Stearns, N. D., Experi- 
mental bacterial and chemical pollution of wells via ground water, with 4 
report on the geology and ground-water hydrology of the experimental area 
at Fort Caswell, N. C.: U. 8. Pub. Health Service, Hyg. Lab., Bull. 147, pp. 
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the capillary fringe where they may die by drying, and the natural 
action of bacteria to seek an oxygen supply and hence accelerate the 
accumulation of the bacteria near the water table, where they may 
subsequently be unwatered by the lowering of the water table and 
be killed by drying. 

The chief factors of the occurrence of ground water that have a 
bearing upon its contamination are (a) the character of the water- 
bearing rocks, particularly with reference to the size, shape, and 
arrangement of their interstices, and (b) the mode of occurrence, 
whether under water-table or artesian conditions. 


Rocks may be classified with respect to their origin into three great 
classes—igneous rocks, sedimentary rocks, and metamorphic rocks. 
The markedly different sources of origin of these classes produce rocks 
of radically different character and hence considerable difference in 
their water-bearing properties. 

Igneous rocks are produced by the cooling and solidification of 
molten masses of material from great depths below the surface, where 
the earth is very hot. These rocks differ widely in texture and water- 
bearing properties. Most of the igneous rocks that are now at the 
surface were solidified far below the surface and were originally very 
compact and nearly impervious—as, for example, unweathered 
granite. Water in quantities sufficient for well supplies occurs in 
such rocks largely in the joints and in the weathered surficial parts of 
the rocks. They are generally not profuse water-bearers. The 
lavas poured out upon the surface may, however, be so broken and 
vesicular that they will yield water in great abundance—as, for 
example, many of the basalts of the Northwestern States and Hawaii. 
Upon weathering these extrusive rocks become more compact and less 
permeable. 

Sedimentary rocks are derived from older rocks by weathering and 
erosion—as, for example, by the deposition of gravel, sand; silt, and 
clay, by the deposition of calcareous and siliceous remains of animals, 
as in most of the limestones, marls, and related rocks, or by the chem- 
ical deposition of substances precipitated from solution, as in much 
of the flint and chert, caliche and some other limestones, gypsum, and 


* For detailed classification of rocks and their water-bearing properties see 
Meinzer, O. E., Occurrence of ground water in the United States, with a 
of fprineples: U.S. Geol. Survey Paper 
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salt. Rocks of sedimentary origin include formations that are am 
our best water bearers—as, for example, gravel, sand, sandstone, and 
creviced limestone. 

Metamorphic rocks are produced by the marked alteration of 
other rocks, chiefly at great depths, through the agency of heat and 
pressure. The principal rocks of this class are quartzite, slate 
marble, schist, and gneiss. The metamorphic rocks are generally 
compact and nearly impervious, and they yield only meager supplies 
of water, chiefly from their joints, crevices, and cleavage planes or 
from the surficial weathered parts of the rocks. 


RELATIONSHIP OF INTERSTICES TO THE TRANSMISSION OF 
CONTAMINATION 


_ The size, shape, and interrelations of the interstices in the rocks are 

of primary importance in determining the bacteriologic quality of the 
water that accumulates below the ground-water table and supplies 
the wells and springs, for they determine largely the rapidity with 
which water may pass through a formation and the ability of the 
formation to filter out pollution. Formations that exert great filter- 
ing action on water passing through them, such as most formations 
of sand or sandstone, furnish the greatest protection against the 
transmission of pollution. On the other hand, formations that con- 
tain fissures and joints, large interstices, as in coarse, clean gravel, or 
solution channels, as in the creviced limestones, provide little filtering 
action and, moreover, may allow the water to move rapidly. Such 
formations may carry contamination through long distances from 
the original sources. 

One of the best formations to yield water in abundance is clean, 
coarse gravel. It possesses all the essential characteristics of an 
excellent water-bearing rock, for it absorbs water freely, stores water 
in great volume, and yields water freely to wells. In this material 
there is essentially no water in the individual pieces of rock, but 
because the openings between the pieces are large and connected with 
one another water may move freely through it. Little filtering action 
of the water is provided, however, and hence contamination can move 
through the gravel readily. 

If the void space of gravel is filled with material of smaller size, 
such as sand, the water moves less freely than in the clean, coarse 
gravel, and, because the voids are smaller, the filtering action is 
correspondingly increased; hence, great protection against the trans 
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ng mission of contamination is afforded. Obviously, a formation com- 
rd posed of sand alone provides maximum filtering action, and clean 

sands, therefore, are classed in the group of rocks that afford the 
of greatest safety with respect to contamination. However, if the 
d individual sand grains are very small the resistance to the movement 
of the water may be so great that the formation will not yield much 
y water. A true clay has extremely small interstices, and even though 
its porosity may be greater than that of many deposits of sand or 
gravel, little or no water moves through it, and it is classed as, non- 
water-bearing and impervious. As clay resists the movement. of 
water, it also prevents the passage of bacteria, and hence it is effective 
in protecting underlying water-bearing beds from pollution and is an 
especially favorable material in which to seat a well casing that is 
intended to exclude surface contamination or undesirable ground 
water. 

Between the clean sand deposits, through which water moves 
freely, and the non-water-bearing clays, there is a large miscellaneous 
group of materials composed of mixtures of coarse and fine material 
but predominantly clayey. Of such character are the poorly assorted 
materials of till or boulder clay that were laid down by glacial ice, 
many of the alluvial deposits formed under very changeable condi- 
tions, and most of the residual materials produced by the weathering 
; of igneous and metamorphic rocks. Such materials will not generally 
yield much water, but in many sections where they lie near the surface 
they yield small supplies to dug wells. However, because the water 
supplied to the wells may be transmitted largely through small 
crevices, these materials do not provide the maximum protection 
against pollution. 

When individual grains of a deposit of sand become cemented 
together and the deposit becomes more or less hardened the formation 
is called a sandstone. As long as the interstices are not completely 
filled, sandstone has the same general properties as incoherent sand 
with respect to the movement of both water and contamination. 
If the interstices are completely filled, the sandstone becomes essen- 
tially impervious, and any water that occurs in it in sufficient quan- 
tity to be useful as a source of water supply is found in fissures, 
crevices, and joints. In addition to hard sandstone, other rocks that 
contain water largely in fissures, crevices, and joints are the hard 
brittle shales, the dense igneous rocks, such as granite and trap 
rock, and most of the metamorphic rocks, such as quartzite, slate, 
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gneiss, and schist. Because the joints, fissures, and crevices provide 
little filtering action to water passing through them, contamination 
can be transmitted for considerable distances through these rocks, 
although not as readily as through creviced limestone, broken laya 
rock, or coarse, clean gravel. Unweathered extrusive lava rocks 
may yield water chiefly from large openings that permit very free 
circulation of water. These openings may be due to the broken 
condition of the rocks or to the expansion of steam or other gas when 
pressure was removed during the process of cooling. The largest 
openings may consist of caverns and tunnels formed during the 
process of congealing from a molten state. 

Unweathered limestone may be porous and permeable but it js 
generally compact and nearly impermeable except along its joints, 
Weathered limestone, however, generally contains numerous crevices, 
cavities, and channels that have resulted from the solution of portions 
of the rock by water that penetrated preexisting openings. Some 
of these openings have attained enormous size, as in the large caverns 
that are so common in limestone regions. Limestones may yield very 
large quantities of water from such openings. Because the large 
openings in both lava and limestone afford almost no filtering action, 
contamination can be transmitted through them freely for great 
distances. 

19% Water-table conditions 

_ The protection of ground-water supplies from contamination is, in 
large measure, dependent upon the mode of occurrence of the ground 
water. Under water-table conditions surface waters and liquid 
wastes are free to percolate downward through the openings in the 
soil and rocks and to reach the water table, or upper surface of the 
zone of saturation. Obviously, therefore, the greatest measure of 
protection to wells tapping ground-water supplies occurring under 
water-table conditions is afforded by locating the wells as far as 
possible from all surface sources of contamination. Considerable 
protection to the supply is furnished by soils and subsoils that are 
effective as filters or by the presence of impervious material between 
the surface and the water table. Impervious material, such as 
stratum of tight clay, will interrupt the downward percolation of 
pollution and prevent it from reaching the main body of ground water 


. ; _ that supplies the well. Hence wherever possible the casings of wells 
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should be tightly sealed in such formations, especially to exclude shal- 
low ground waters that may be contaminated. In many places that 
have no impervious layer considerable protection from contamination 
can be provided by extending a tight casing as far as practicable below 


_ Ground water occurring under artesian conditions is confined under 
hydrostatic pressure in permeable formations that are overlain by 
more or less impervious beds. The artesian water is not of local 
origin but percolates laterally from a more or less distant intake area 
and is generally free of contamination at any considerable distance 
from the intake area. Because of the outward pressure of the water, 
wells that tap artesian aquifers are also the best protected so far as 
surface contamination in the vicinity of the wells is concerned, espe- 
cially if the pressure is great enough to cause the water to overflow at 
the surface. However, if the water does not overflow, the process of 
pumping may introduce contamination into the well through defec- 
tive casing at any point above the water level in the well. Moreover, 
contamination may be introduced into the artesian reservoir through 
nonflowing artesian wells that are open to polluting agencies at the 
surface or through defective casing. All abandoned wells tapping 
the same source should therefore be tightly sealed by approved 
methods. The practice of using wells for drainage or as a means of 
disposing of sewage or other wastes is obviously dangerous. © 

rissa 

Rate and direction of movement of ground water sits 

Ground water is generally moving from an area of surface intake 
to an area of naturai discharge except as it is diverted toward wells 
that are pumped or flow by artesian pressure. This movement is the 
result of difference of head in the ground-water system and is in the 
direction of the slope of the water table under water-table conditions 
or in the direction of the hydraulic gradient in an artesian system. 
The shape of the water table can be determined by measurements of 
the depth to water in a sufficient number of wells that are not affected 
by draw-down through pumping and by referring such measurements 
to sea level or other datum plane. In areas where artesian conditions 
exist the hydraulic gradient or the shape of the piezometrie or pres- 
sure-indicating surface can be determined in a similar manner by 
measuring the shut-in pressure of flowing artesian wells and the depth 
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to the water level in nonflowing artesian wells and converting the 
pressure readings into head of water. In most parts of humid regions 
the water table is built up from time to time by water penetrating 
from the surface during periods of heavy rain or in the spring when 
the frost leaves the ground. Natural discharge of the ground water 
however, occurs only in low places. In humid regions, therefore, the 
water table generally slopes in nearly the same direction as the land 
surface, except where conditions have been modified by drainage, 
pumping from wells, or other agencies. 

The direction of the movement of the ground water is an important 
factor in connection with the transmission of contamination. It jg 
well established that contamination moves in the same direction ag 
the ground water, and hence, as a general rule, wells should be in. 
stalled up the slope and not down the slope of the water table from 
possible sources of contamination. 

The rate of movement of the ground water‘ has an important rela- 
tion to the transmission of contamination from its source to the wells, 
However, definite data on the transmission of contamination by 
ground water are very meager. Obviously the bacteriologic control 
of experiments to determine the rate of transmission is extremely 
difficult. Furthermore, because of the wide range in the water-bear- 
ing capacity of different rocks, great caution must be exercised in 
applying specific experimental results to places where the conditions 
are not strictly comparable. Attempts have been made to apply 
filtration rates as used in the operation of slow sand filters as guides 
in determining rates of movement of ground water that may be con- 
sidered as being within general limits of safety. The merit of such 
standards is open to question, for the conditions are so greatly dis- 
similar that it is doubtful if there is any valid basis of comparison. It 
is fairly well established, however, that the great body of ground water 
is generally free from dangerous pollution except near the water table 
in the proximity of polluting agencies and except in very open rocks, 
such as cavernous limestone, extrusive lava rock, or coarse, clean 
gravel, in which contamination may be carried long distances. Ex- 
periments by Stiles® and his assistants at Fort Caswell, N. C., fully 


‘For discussion of methods of determining rate of movement of ground 
water see Meinzer, O. E., Methods for estimating ground-water supplies: U. 
S. Geol. Survey Water-Supply Paper 638, pp. 126-131, 1932; Movements of 
ground water: Am. Assoc. Petroleum Geologists Bull., vol. 20, no. 6, June 
1936. 
C. W., and others, op. cit., p. 11. 
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support this conclusion. Recognition of these general facts will aid 
greatly in adopting a safe practice in ground-water developments. 
Fortunately, small water supplies, such as are furnished by individual 
farm or domestic wells, are drawn from relatively small areas and can 
generally be made safe by locating the well up the slope and as far as 
practicable from possible sources of pollution and by proper well 
construction. Wells that are heavily pumped, as for public water- 
works, draw their supplies from greater distances, and therefore, in 
the nature of the case, greater precautions are required to assure 


safety. 


a Effect of pumping 


4 When water is pumped from a well a so-called cone of depression is 

created in the water table immediately surrounding the well. The 
base of the cone of depression is of varying diameter, depending upon 
the rate of pumping and the nature of the water-bearing formation. 
The circumference of the base defines what is known as the area of 
influence, and any sources of contamination within the area of in- 
fluence are potential sources of danger to the supply. 

The mere fact that a well is situated up the slope of the water table 
with reference to a source of contamination does not assure absolute 
protection against contamination, as the normal movement of the 
water in the vicinity of the well is modified when the well is pumped. 
The existence of a cone of depression in the vicinity of a pumped well 
indicates movement of water from all directions toward the well. 
Therefore, even though a source of contamination may be down the 
natural slope of the water table from a pumped well, if it is within the 
area of influence of the well it may contaminate the supply. Obvi- 
ously the remedy to be applied under such conditions is to abandon 
the well and sink another at a greater distance from the source of 
danger or to remove the source of danger. 

Under artesian conditions a well yielding water by natural flow or 
by pumping creates a cone of depression in the pressure-indicating 
surface surrounding the well, but it does not unwater a portion of the 
formation, as under water-table conditions, unless the draft is un- 
usually heavy. As the pressure of the water in the artesian aquifer 
is outward, protection is afforded against contamination from the 
nearby surface. However, in nonflowing wells or in flowing wells 
in which the water level is lowered below the surface by pumping, 
contamination may enter the well at the surface or through defective 
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casing at ‘any point above the water level in the well. Moreover, 
contamination may get into the artesian formation through any nop- 
flowing artesian well, and thence into the water supply of any flowing 
or pumped artesian well whose area of influence is sufficiently 
extensive. 
(Presented before the Four-States Section meeting, April 24, 1986.) 
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ADIRECT PLATING METHOD FOR THE DETERMINATION 


OF THE POTABILITY OF WATER! 


By H. B. ScuutHorr anp H. HEUKELEKIAN 


(Assistant and Associate Division Water and Sewage Research, New es 


Jersey Agricultural Experiment Station, New Brunswick, N. J.) 


The “standard” method for the determination of E, Coli in potable oo 


or slightly polluted waters involves defects inherent in the isolation _ 
of any organism by means of enrichment in liquid media, as well as _ 
the lapse of 72 hours before the presence of the colon bacillus can be F 
partially confirmed. Many attempts have been made to simplify the — 
standard procedure; modifications based upon liquid media to which 
dyes or other inhibitory agents have been added are not within the 
scope of this paper, and only methods involving the use of solid media — 
will be discussed. 

Norton (8) says ‘‘While dye containing media have a legitimate and 
important use in the water purification field, there is no doubt that 
these media tend to reduce the number of isolations of the coli-aero- 
genes group. Direct plating methods, while theoretically superior 
to enrichment processes have not been developed to a point of prac- 
ticability. The present ‘standard’ methods are far from perfect, 
and the coli aerogenes counts or indices obtained by them are un- 
doubtedly too low rather than too high.” 

Skinner and Murray (10) found that the addition of crystal violet 
in the concentration of 1 part to 100,000 parts of eosin-methylene 
blue agar inhibited the development of spreading colonies while the 
characteristics of E. Coli were made more pronounced. _ Differentia- 
tion of E. Coli and A. aerogenes by means of colony appearance was 
found to be fairly reliable. This modified E.M.B. agar was used 
for streaking from lactose broth. Ruchhoft et al. (9) found Levine’s 
E.M.B. agar or Skinner and Murray’s modified agar to be best for 
purposes of isolation, but concluded neither medium was ideal. Due 
to the incidence of mixed colonies and the masking effect of the non- 


' Journal Series paper N. J. Agricultural Experiment Station, New Bruns- 
wick, N. J. Division Water and Sewage Research. 
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members of the group, differentiation on the routine E.M.B. plate 
by macroscopic examination proved to be unsuccessful. Ruchhoft 
and associates failed to substantiate Skinner and Murray’s claims 
for their modification of E.M.B. agar. Our experience, however, 
would indicate crystal violet to be of the highest value when used 
with E.M.B. agar. Since Ruchhoft et al. made use of dehydrated 
Difco E.M.B. agar, and Skinner and Murray, and this writer made 
up the agar from the raw materials, it would seem possible to aseribe 
the differences encountered to differences in the final composition. 

Noble (5) in 1928, devised a ferrocyanide-citrate containing me- 
dium which he used in pour plates with considerable success, Tonney 
and Noble (11) improving the formula in 1931. These workers 
nade the following claims: (1) Colon index is obtained in 42 to 48 
hours, and represents more accurately the actual numbers present 
than does that obtained by lactose broth. (2) The direct counts on 
ferrocyanide citrate agar are not obscured by overgrowths and are 
not infered with, by common lactose fermenting organisms. (3) Fur- 
ther confirmation following growth on ferrocyanide-citrate agar 
appears to be unnecessary. (4) In pure culture work the poured 
plate is much superior to either Endo’s medium or E.M.B. agar. 
(5) Differentiation between fecal coli and the aerogenes group is 
reasonably accurate. It should be pointed out, however, that other 
workers have not always been successful in making use of Noble’s 
medium. Much care is required in making up the agar, and consider- 
able experience is necessary in order to readily differentiate between 
the fecal and non-fecal groups. Further, Nolte and Kramer (7) 
found ferrocyanide-citrate agar to be unsuitable for waters of high 
purity, since the colon organisms did not give rise to characteristic 
colonies. 

Levine (4) retained the standard procedure in all respects save 
time of incubation of the standard portions in lactose broth and was 
able to confirm partially the presence of the colon bacillus in 24 hours. 
Incubation of the sample in lactose broth was for 10 hours, followed 
by smearing (all portions) on E.M.B. agar, the entire test being 
completed in 24 hours. Growth on the plates was very rapid due 
to the transfer of the organisms while in the growth period of loga- 
rithmic increase. The major objection to this procedure is the danger 
that where E. Coli is present in very small numbers initially, or where 
they have become attenuated, as by chlorination, the transfer will 
not contain the organisms. 
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Gehm and Heukelekian (2) utilized E.M.B. agar for the rapid direct _ 
enumeration of E. Coli in polluted waters and sewage. They spread _ 
1 ml. of the proper dilution of the sample on the surface of the E.M.B. 
plate and dried in the incubator with the cover removed; the plates eae 
were then closed and incubated for 24 hours. They claimed the _ 
following advantages: (1) Confirmed results in 24 hours, (2) less 
work involved, (3) less equipment required, (4) media cheaper and 
easier to prepare, (5) comparable counts are obtained with brilliant 
green bile. 

Noble and Tonney (6) devised a new solid brilliant green bile 
medium, of complicated formula, which they used in pour plates, — ope. 
and which permitted counts in 17 to 19 hours. The productivity 
of this agar was greater than that of brilliant green lactose bile broth, _ 
but was less than that of standard lactose broth, and considerably  —__ 
less than that of ferrocyanide citrate agar. Expressed in percentage ge ee 
of standard lactose broth these values were 63.7, 66.0, and 115.1 ry = 
respectively. 

Attempts have been made to increase the concentration of E.Coli 
in given volumes of water in order that analyses may be simplified. — 
While numerous methods for bacterial concentration have long been 
known, only such methods as affect the viable cells but slightly, can _ 
be used for the enumeration of living organisms. - 

Barsov and Sochilova (1) presented an ingenious technic for con- 
centrating the organisms present in fairly large volumes of water. 
The water was filtered through a nitrocellulose membrane, which 
was then placed, bacterial layer uppermost, on the surface of modified ae es 
Endo agar, and incubated for 24 hours. The passage of nutrients 
through the pores was found sufficient for normal colony growth, _ 
and typical colonies were produced. Endo’s medium was modified 
by replacement of lactose by glucose, and the addition of 0.1 percent _ 
of phenol. Hoek (3) employed the same general method of concen- 
tration of sample, but differed in detail. A layer of diatomaceous 
earth was deposited from a suspension on a bacterial filter of the 
plate type, after which the required amount of water was drawn 

through. The numbers of E. Coli present in the diatomaceous earth 
layer were then determined by appropriate means. In pure culture 
work it was shown that 67 percent of the colon bacilli present in a 
light suspension were retained. 

All of the methods, so far discussed for the enumeration of E. Coli 
when present in numbers within or near those permitted in a potable 
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water, have both advantages and defects. None would seem ade. 
quate for large numbers of routine bacteriological analyses with 
results obtainable within a reasonably short period of time. The 
following simple procedure has been used successfully in this labora. 
tory. Samples are concentrated by centrifuging with infusorial earth 
or kaolin, decanting, and smearing on Skinner and Murray triple dye 
agar after the method of Gehm and Heukelekian. Any size sample 
may be analyzed, and results are obtainable within 18 to 36 hoxirs, 
Results correlate well with those arrived at by the standard method, 


METHODS 


_ The medium? used is the Skinner and Murray (10) modification of 
Levine’s simplified E.M.B. agar, the crystal violet concentration 
being changed to 1 part in 120,000 parts of medium, since experience 
has shown that higher concentrations may decrease the growth rate 
of the E. Coli strains present in natural waters. Plates usually are 
poured at some convenient time and stored at low temperature, 
Before use the required number are brought to at least room tem- 
perature. Fifty milliliter centrifuge tubes with the mouth covered 
by lead foil caps are sterilized in the autoclave. These tubes are 
file marked at 5 ml. and 50 ml. and are filled with aseptic precautions 
to the 50 ml. mark with the samples to be tested. If it is desired to 
determine the presence or absence of E. Coli in amounts of water 
greater than 50 ml. two or more tubes may be used per sample. To 
each 50 ml. portion of water is added 1 ml. of sterile aqueous 20 per- 


i The triple dye agar used in this work has the following composition: 


Per liter 

te Dipotassium phosphate 2 grams_ 


Boil until the agar is dissolved, measure 600 ml. amounts in liter flasks, and 
sterilize for 15 minutes at 15 pounds. When plates are to be poured add to 
each 600 ml. melted portion the following: 


Aqueous 4% sol. eosin 


The plates are poured fairly thick, and may be stored in the refrigerator for 
long periods withouk 
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cent suspension of kaolin. After centrifuging for 20 minutes at — 
2500 r.p.m. the supernatant is decanted until 5 ml. remain in the tube. 7 
_ After thorough mixing of the sediment one ml. portions are smeared 
on the surface of five triple-dye agar plates. These plates are then 
placed uncovered in the 37° incubator until their surfaces are dry, ¥ 
this usually requiring from 30 to 90 minutes, depending on the hu- © 

_ midity of the air. Incubation is at 37°C. for an 18 to 36 hour period, 

his being dependent upon the rapidity of growth of the particular — 

strains of E. Coli encountered in the water under test. The plates 
obtained by means of this procedure invariably have been found to _ ie 
contain well spaced colonies unobscured by the presence of “‘spread- => 
ers.” In most instances colonies appear to be present in pure culture. = 
The characteristics of the Coli-aerogenes group are at least as pro- 
nounced as on the same agar used in the “partially confirmed” step __ mi 
of the standard method. 


EXPERIMENTAL 
Pure cultures of E. Coli were suspended in sterile phosphate buf- oa io 
fered dilution water in diminishing concentrations. Sterile infusorial 
earth (1 cc. of 10 percent) were added and the suspensions were centri- oe 
fuged at 2500 r.p.m. for 20 minutes. The numbersof E.Coli present 
in the whole suspension were determined or calculated, and those 
in the sludge and in the supernatant were determined. oF | = 
As an example the results obtained from one series are presented = 
in table 1. Three suspensions were made, suspension II containing 
theoretically one-hundredth and suspension III one-thousandth as 
many organisms as did suspension I. Numbers of E. Coli were deter- _ 
mined in whole suspension I by the smear method on triple dye agar, _ 
and calculated in suspensions II and III. The smear method was _ 
used for determination of numbers in the sludge, and in the super- 
natant; portions of initial suspension I, and supernatants Il and III © ae 
were added to lactose broth in 10 ml. portions, and numbers of E.Coli _ 
were estimated. In the densest suspension (1) 7500 E. Coli were 
found in the 50 ml. sample taken. In the sludge, after centrifuging, _ 
4800 E. Coli were recovered, or 64 per cent of those present in the _ 
original suspension, while 1900 E. Coli remained in the entire super- 
natant, representing 25 percent of those originally present, so that 
a total of 89 percent of the viable cells originally estimated to be 
present were recovered. In suspensions II and III 104 and 80 per- 
cent of the organisms calculated to be originally present were found 
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H. B. SC 
in the sludge, and 5 and 27 percent in the supernatant. It must be 
_ kept in mind that in this experiment the numbers in the more dilute 
original suspensions were not actually obtained but were estimates 
_ based on the numbers found in suspension I, and the extent to which 
_ this suspension was diluted. The precipitation of 64 percent of the 
_ bacteria as found in the first instance should therefore most; neatly 
represent actual removal 


tibigas od) inebraqsh 
TABLE 1 
‘The distribution of E. Coli in the sediment and the supernatant after centrifuging* 
=f suspensions of pure culture with infusorial eartht 
9 ; SUSPENSION | SUSPENSION | SUSPENSION 
yieltiag’ be Original | Original 
1: 100 1:1000 
E. Coli/ml. in suspension................... 150t 1.5§ 0.15§ 
E. Coli in 50 ml. sample..................-. 7500 75 7.5 
4800 78 6 
E. Coli/ml. in supernatant.................. 38 0.08 0.04 
E. Coli in 50 ml. supernatant............... 1900 4 2 
E. Coli recovered in sediment + supernatant.| 6700 82 8 
Percent total E. Coli recovered in sediment. . 64.0 104.0 80.0 
Percent total E. Coli recovered in super- 
Percent total E. Coli recovered in sediment 
* 2500 r.p.m. for 20 minutes. 


¢1 mi. 20 percent infusorial earth per 50 ml. sample. 
Determined. 
§ Calculated. 
In order to show the value of centrifuging a bacterial suspension 
in the presence of infusorial earth as compared with centrifuging in 
its absence, results obtained are given in table 2. Two to three times 
as many organisms were centrifuged out of suspension when the 
inert material was present as when it was absent. This may be due 
to two factors: (1) the adsorption of cells, with a consequent removal 
from the liquid, on the surface of the larger particles and (2) the for- 
mation of a kaolin or infusorial earth layer which is not readily dis- 
turbed during decantation, in and on which the organisms are held. 
In the following experiment the removal of E. Coli with kaolin 
| 


¢ 
7 
— 
4 
‘ 
4 
© 
3 
+> 
‘| 
J 


| TABLE 2 
“ The distribution of E. Coli in the sediment and the supernatant after centrif uging* 
. suspensions of pure culture with and without infusorial eartht 


CENTRIFUGED WITH- 
OUT INFUSORIAL 


CENTRIFUGED WITH 
INFUSORIAL EARTH 


EARTH 
Suspen- | Suapen- | Suspen- | Suapen- 
Original sion Original sion 
diluted diluted 
1:10 1:10 
E. Coli/ml. in suspension................. 19t 1.9§ 19f 1.9§ 
E. Coli in 50 ml. sample.................. 950 95 950 95 
E. Coli/ml. in supernatant............... ll 1 4 1 
E. Coli in 50 ce. supernatant.......:..... 550 50 200 50 
E. Coli recovered in sediment and super- 
Percent total E. Coli recovered in sedi- 
ment.. 22.2 21.1 47.2 64.2 
Percent total Coli meovered.i in 
Percent total E. Coli recovered in sedi- 
ment + supernatant.................:. 80.1 73.7 


* 2500 r.p.m. for 20 minutes. 


r + 2 ml. 10 percent infusorial earth per 50 ml. sample. 


Determined. 
§ Calculated. 
TABLE 3 


abd 
percertiage 
The distribution of E. Coli in the sediment and the supernatant after outa 


suspension of a pure culture with kaolint 


= = 
ml. ml, percent 
Initial suspension....... 340 | 50 17 | 116) 19 | 129 123 | 100.0 
eee ee 60 10 14 84 15 90 87 71.0 
Supernatant............ 320 | 50 6 38 5 | 32 35 28.5 
Sediment +  super- 
122 122 | 122 99.5 


* 2500 r.p.m. for 20 minutes. 


a 1 ml. 20 percent kaolin per 50 ml. sample. 
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was determined with more refined technic. A suspension of known 
E. Coli content was diluted until it contained theoretically one E. Cojj 
in3 ml. A 50 ml. portion was plated in 5 ml. amounts in plain agar, 
and another 50 ml. portion in 1 ml. amounts on triple dye agar, 
10 and 50 plates, respectively, being used. Of this suspension 340 ml. 
were centrifuged for 20 minutes at 2500 r.p.m. after the addition of 


TABLE 4 
Comparison of the numbers of E. Coli in a group of natural waters as determined 
by the Standard Method and by direct plating of the sediment after centri- 
fuging* with kaolint 


DIRECT PLATING— STANDARD METHOD 
SAMPLE NUMBER SAMPLES umber positive 
PORTIONS - | post mil, 
1-18 18 0 0 
19 1 0 1+ 
20 1 0 2+ 
21 1 0 3+; 2+ 
22 1 0 4+ 
23 1 1+ 0 
24 1 2+ 54 
25 1 2+ 5+ 
26 1 3+ 2+ 
27 1 3+ 2+ 
28 1 3+ 3+ 
29 1 44 1+ 
30 1 4+ 4+ 
31 1 5+ 5+ 
32 1 5+ 1+; 4+ 
33 1 5+ 2+; 34 
34 1 5+ 44+ 
; 35-38 4 5+ 5+ 
i” 39-46 8 5+ 5+ 


* 2500 r.p.m. for 20 minutes. 
mil. 20 percent kaolin per 50 ml. sample. 


eR 1 ml. 20 percent sterile kaolin suspension per 50 ml. sample. The 
ss gupernatant was decanted, and the sludge obtained was made up to 
. 60 ml. Two 10 ml. aliquots were distributed in 1 ml. portions in 
fb. 10 plain agar pour plates, and on triple dye agar plates, The 
ss supernatant liquor (320 ml.) was treated exactly as had been the 
a original suspension. Results are presented in table 3. Since dif- 
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a a total of 123 colon organisms present in 430 ml. of the original — 


OF THE CENTRIFUGE METHOD TO NATURAL WATERS 


; : In the course of routine analyses of natural waters 46 different — i" 
samples were examined bacteriologically by the standard method and 
_ by the centrifuge method using kaolin. The results of this series are ~ 


nants, reproduction in sufficient amount to be demonstrable by the __ 


Fil 


NO. 12) DETERMINATION OF POTABILITY OF WATER 


ferences between the counts as obtained by means of plain agar pour fe Efi: 
plates and triple dye agar surface plates were found to be within the ce es ae 


limits of experimental error, averages were taken of the two counts. 


suspension 87, or 71 percent were recovered in the sludge after centri- oer 
fuging, while 35, or 28.5 percent were recovered from the supernatant 
liquor, representing a total recovery of 99.5 percent of the viable cells. 


condensed in table 4. The Standard method was modified to the — 
extent that all of the five 10 ml. portions were streaked on triple-dye _ oe 
agar. Where the partially confirmed test was inconclusive further 

differential tests were employed. The waters in question were for 
the greater part well waters from various parts of New Jersey, with _ 
a few very slightly polluted lake waters. ; 


The necessity of the presence of a es divided inert cision < 
for the more efficient removal of E. Coli by means of centrifuging — 
has been demonstrated. Infusorial earth and kaolin may be inter- _ 
changed without materially affecting the percentage removal of the | 
organism from the liquid. This removal comprises from 60 to 70 
percent of the viable cells of E. Coli in the original suspension. There 
is, therefore, an immediate loss in numbers of E. Coli, before enumera- _ 
tion has begun, of 30 to 40 percent. To what extent can this loss 
be expected to affect the status of a water as far as potability is _ 
concerned? 
The superiority of a solid medium over liquid for purposes of iso- — 
lation is so well known as to require little further discussion. Equally 
well known are the factors which tend to make unreliable the pre- _ 
sumptive test, namely overgrowth by other forms, acid production 
and the like. When a viable cell of E. Coli is isolated on the surface 
of a solid medium favorable for its development it may be expected 

to form a colony, even though there be 200 cells of other organisms 
growing upon the same agar surface. Were the same single cell of —_ 
E. Coli to be placed in lactose broth together with the 200 contami- — 
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usual means would appear to be rather improbable. When it jg 
further realized that the Skinner and Murray triple dye agar markedly 
reduces the numbers of the normal water flora while the effect upon 
E. Coli is very slight, the advantages of the solid medium becomes 
still more apparent. It is reasonable to believe that the loss of 309 
to 40 percent of the original numbers of E. Coli by this method is 
more than balanced by the losses which unquestionably are experi- 
enced under the standard method. 

The nature of the Treasury Department Standards of potability 
would likewise tend towards eliminating the initial loss as a source 
of discrepancy in judging a water. Those cases in which such loss 
could alter the status of the water must be comparatively few, and 
in any event would constitute border-line cases, deserving special 


TABLE 5 


Potability and correlation of the presumptive and confirmed tests of two groups 
of waters as determined by the standard method 


WATERS WITH 
NUMBER® WATERS be | IDENTICAL 
NUMBER WATERS NUMBER | | PRESUMPTIVE 
ANALYSES FOUND ANALYSES AND PARTIALLY 
POTABLE AND PARTIALLY | 
CONFIRMED > 
TESTS 
percent percent 
46 30 65.2 46 31 67.4 
91 IIt 438 257 58.7 218 128 58.7... 


* Based on U. 8. Treasury Department Standard. 
t Incorporates analyses performed in present study. 
_ } Incorporates routine analyses covering 5-year period. 


consideration. These theoretical considerations are confirmed in 
practice. 

In table 4 it is shown that identical results through partial confirma- 
tion were obtained in 30 cases, representing 65.2 percent of the sam- 
ples analyzed, by both of the methods used. In two cases, or 4.3 
percent, higher values of E. Coli were found by the standard method 
than by the centrifuge method; in 14 cases, or 30.4 percent of all 
the samples run, the centrifuge method gave higher results. Further 
examination of the data reveals several interesting points. Although 
perfect correlation was achieved only in 65 percent of the cases, the 
classification (as arrived at by the Treasury Department Standard) 
of only 4 samples was affected by differences in results obtained by 
the two methods. In this limited series, therefore, as far as potability 
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is of the waters is concerned, the results of the two methods correlated 
ly in 91.3 percent of the samples. It should be noted that three of the 
mn four differing waters would be condemned by the results obtained by 
8 centrifuging and accepted by the results of the standard method, 
0 while in only one instance was the reverse found to be the case. 

is In view of the comparatively small number of samples comprising 


i- this series it is of interest to compare it with a larger group of standard 
bacteriological analyses performed in this laboratory over a five year 
period (table 5). Thirty of the 46 analyses in the smaller group were 
acceptable as potable waters on the basis of E. Coli content as arrived 
at by the standard method, representing a percentage of 65.2. Of 
the 438 waters making up the larger group, 257, or 58.7 percent, con- 
tained E. Coli in numbers fewer than the Treasury Department limit. 
The percentage difference of the two groups is 6.5, and in this respect, 
at least, the groups need not be considered widely divergent. 
Considering the two groups from the standpoint of correlation of 
the presumptive test with the partially confirmed test, it is seen 
that in the small group 31 or 67.4 percent of the 46 waters gave identi- 
cal results for both of the above mentioned tests. The larger group 
in this instance is composed of 218 members, the number being smaller 
by reason of insufficient data. Perfect agreement between the pre- 
sumptive and partially confirmed tests was reached in 128 cases, 
representing 58.7 percent. The two groups therefore vary by 8.7 
percent when the basis of uniformity is agreement between these two 
standard tests. It is doubtful whether such variation is significant. 
It would appear that the group of 46 waters incorporated in this 
study and collected widely over the State may be considered as fairly 
typical of the ground waters of New Jersey, as far as extent and type 
of pollution are concerned. It is fully realized, however, that more 
extended work must necessarily be undertaken before a new method 
can be generally accepted, and it is to be hoped that such work may 
be accomplished in water laboratories receiving large numbers of 


vO 


A new method for the determination of small numbers of E. Coli 
in waters consisting essentially in centrifuging the water in the 
presence of an inert material, such as kaolin or infusorial earth fol- 
lowed by decantation and smearing of the residue on E.M.B.-crystal 
violet agar after the method of Gehm and Heukelekian is presented. 
Pure culture experiments indicate that 70 percent of the viable cells 
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of E. Coli present in dilute suspension may be removed from the 
liquor to the sediment under the conditions outlined above, with 39 
percent remaining in the liquor. The centrifuge method for the 
demonstration of E. Coli permits partial confirmation in from 18 to 
36 hours. Differentiation between E. Coli and A. Aerogenes ig ag 
well defined as is ever possible on the confirmatory agar employed, 
The centrifuge method produced higher E. Coli counts in 30 percent 
of the cases than the standard method; the reverse was true in only 
4 percent of the cases. Identical results through partial confirma. 
tion were obtained by both the centrifuge and standard methods ip 
65 percent of the cases; the potability of the waters, however, ag 
judged by the Treasury Department standard, was identical in 9] 
percent of the cases. The limited series of determinations made (46) 
did not differ materially in certain salient features from larger | num- 
bers analyzed in this laboratory over a five year period. 
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ad Savannah, Inc., Savannah, Ga.) 


se Mayor Gamble has just spoken to you on water-supply from the 


THE QUALITY AND FITNESS OF OUR DEEP WELL WATER 
FOR THE MANUFACTURE OF PULP AND oe 
-WHITE PAPER FROM SLASH PINE 


(Director, Pulp and Paper Laboratory, Industrial Committee of jo 


standpoint of the health of citizens. May I discuss with you water 
from the standpoint of a chemist as it is required by industrial con- 
cerns as the most necessary feature of manufacturing operations, 
especially in the manufacture of pulp and paper, which promises to be 
the next great industrial development in this southeastern territory 
which is governed by your membership. 

A recent survey by the Federal Government has shown an enor- 
mous wealth of pine and semi-hardwood timber in this practically 
untouched region. The figures of this survey are now attracting 
nation-wide attention, especially since the spruce woods of the Great 
Lakes and Eastern States are practically exhausted and this makes 
necessary the importation annually of some two hundred million 
dollars worth of pulp and paper. 

About fifteen years ago when it was first proposed to manufacture 
kraft from southern pine it was loudly proclaimed that this was 
impossible, but during the intervening years there has been so rapid a 
growth of the kraft pulp and paper industries that the South now 
dominates the field with the manufacture of more than sixty percent 
of the national output. Now when it is proposed to use southern 
pine for white paper the same cry is heard about the unsuitability of 
southern pine. 

The work in the Pulp and Paper Laboratory of the Industrial 
Committee of Savannah has completely disproved this contention. 
Erroneous ideas have been held regarding our pines: first, through the 
use of the name “‘yellow”’ pine, which applies only to the heart, while 
the sapwood gives a pulp actually lighter in color than spruce; and, 
second, the utilization of biaeit and slash pines for naval stores 
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r led to the belief that such trees must be filled with resin, a dreaded 
_ difficulty in the manufacture of paper. This latter error arose from 4 
lack of knowledge of the fact that the oleoresin gathered in turpen- 
tining is a pathological product manufactured by the tree right at the 
ae point of wounding. Analyses of sawdust from the untapped tre 
show very low resin content. 
_ For four and a half years continuous research has been carried on 
_ inour laboratory, which is really a semi-commercial mill and a testing 
. oy laboratory. As a result of this work all forms of white paper of ful] 
ett: - commercial quality have been produced. Here are samples of gy. 
“s a phite pulp, groundwood, and bleached sulphate pulp. Here are the 
oe products manufactured from them—newsprint, book, magazine, 
i: - rotogravure and bond papers, and also samples of rayon. 
Bea = From the upper portion of trees which have been turpentined and 
_ abandoned has been made beautiful newsprint, on which there was 
ay printed a supplement to the Weekly Naval Stores Review, showing 
thus the close coérdination between the turpentine and the paper 
3 industries. 
oS eae Of particular importance is the extremely rapid growth of pines 
oo; ot in our South Atlantic and Gulf States compared with spruce in the 
. “2 . “8 Northern States. The ratio is seven or eight times as fast in the 
South in the case of pine as against that of spruce in the North. 
a FE To meet the criticism that our paper was made on a machine 
cay producing only one hundred feet per minute, whereas the commercial 
we i. practice is carried out on a much faster machine, a shipment of three 
3 carloads of pulp manufactured in our plant was sent to a mill in 
_ Canada and there run over a fast commercial machine with perfect 
--- guecess. On the newsprint made thereby nine Georgia dailies got 
out their regular issues on November 20, 1933. 
Careful estimates based on a great number of experiments show 
_ while it costs, according to official records, something over 
_ $47.00 to manufacture and deliver to New York City, without in- 
terest or profit, a ton of newsprint from the average newsprint mill 
in the United States, a ton of equally good newsprint can be laid 
te in New York City from a South Atlantic port, without interest 
Fas i profit, for a little over $27.00. Similar decreases are noted in the 


— cost of other forms of white paper because of the corresponding low 

cost of production of the pulps from which they are made. 

_ But even with this complete demonstration, and with the knowl- 
edge of the great timber resources from the special surv ey, there is 
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still one important factor which determines the ability to manu- 
facture, viz. water. On this point we are sadly lacking in full infor- 
mation as to the chemical composition of our waters and the volume 

of flow of our streams. 

Throughout the Coastal Plain two types of water are available. 
First, the artesian water, such as we use daily in our laboratory. It 
is characterized by high temporary hardness. It is very clear and 
answers excellently for all forms of pulp and paper except such pulps 
as are used for the manufacture of rayon. In this, however, by the 
use of zeolite softeners it can be changed to a suitable softness and 
excellent rayon produced. It is very desirable to know to what 
extent any great amount of large-scale tapping of this source of arte- 


sian water may reduce the available supply. aa 

Second, the river waters which come down from the Piedmont area 
are filled with suspended mud. However, these same muddy waters ae 
can, by the use of settling basins and treatment with alum, bechanged __ 
into the finest type of industrial waters. The Sevennel Sugar 
s feet Refinery makes use of the water of the Savannah River after such Pe 
in its refining of sugar. 


ie nately, most of the data available today are from city waterwothe. 
where bookkeeping includes the cost of maintenance of stennatseenacecilll 

pumping to suitable reservoirs. 
_ On many of our streams there is no record of complete anata: 
—-— I have no doubt that in ee records of your various mem-— 


it accurate pr can be compiled from year to year of che ie 
volume of flow of important streams, rivers and creeks. : “4 
en All other states adjoining Georgia are coéperating in this way at & 
present. Therefore, the Georgia Forestry Association has appointed ee ue 
— committee which will seek to raise $10,000 to initiate this coépera- pee 
_ tive work as quickly as possible in the confident belief that having " A ot 
inaugurated it the State will by legislative appropriation continue __ 
for a long series of years the compilation of these data so necessary — 
for the industrial development of the state. . 
An average commercial would require about three 
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‘million gallons of water daily. It is required to dissolve chemicals, 
to dilute pulps so that they may be pumped to different portions of the 
‘mill, for flowing the pulps over the paper machine wires, and for 
keeping these wires clean of every adherent particle. The pulps 
themselves must be washed with great care to free them of every 
trace of chemicals. 

_ No matter how rich the timber resources of a section may be the 
presence of a plentiful supply of suitable water is absolutely essential 
for papermaking. You will thus see how closely that subject with 
which your association in this southeastern territory is bound bears 
so directly on the future development of a great new industry which 
will bring abundant prosperity to our people. 

I bespeak your interest and aid in securing funds for such a survey, 
in educating our people as to the needs of such knowledge, and that 
you from your own data fill in as far as possible the gap which must 
intervene before this systematic investigation can begin. 

As men devoted to the public interest I feel that we can count with 
confidence upon your coéperation. 

(Presented before the Southeastern Section meeting, April 7, 1986.) 
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RED WATER TROUBLES AND LOW TEMPERATURES OF 
WINTER OF 1936 


By R. B. Sms 
(Superintendent, Water Works and Sewage Disposal, Spartanburg, S.C.) 


The greatest obstacle the water works man has in this day of refine- 
ment is red water, not red water from the source but water that has 
changed color after leaving the plant, say one to ten days, sometimes 
red, sometimes yellow, and sometimes black. The causes of this 
condition vary almost with each dead end in your city and especially 
does it vary with each city. 

In Spartanburg we have an ideal red water breeding condition. 
We boast of available water for every home, however humble, inside 
the city limits. We also boast of fire protection for every group of 
houses. This, as you realize, necessitates a number of dead ends 
and each dead end is a breeder of trouble. 

This trouble was aggravated by our 1936 extremely cold weather 
over a long period, the temperatures of the water in Spartanburg 
going as low as 35 degrees in January, with February having a mean 
temperature of 40 degrees, March 50 degrees. April 57 degrees, 
May 67 degrees and with a high in July of 80 degrees. This, in our 
opinion, developed one of the worst conditions we have experienced 
since operating under the new regime of laboratory control. To be 
frank with you, our pride was taken down several notches by the fact 
that we had let this water get from under our control. 

After going over all of our records thoroughly with Dr. C. B. Waller, 
Chemist at Wofford College and Spartanburg Water Works, our 
Engineer-Chemist, Mr. J. K. Marquis, and the filter plant operators, 
we could not determine from the records anything that had been 
neglected or overlooked. 

To correct our red water conditions quickly, we made a change in 
the sterilization, cut the ammonia off for a few days and reduced the 

chlorine, watching very carefully all of our filtered water, and flushed 
all of our dead ends several times, etc. One of the things that we 
suspected was that during this extremely low temperature condition 
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ice came on the filters continuously and did not give proper coagula- 
tion. We suspected that some free alum had gotten through the 
_ filter beds. However, we could not confirm this. We continued oy 
¢ search by sending out a questionnaire to comparable cities in the 
| ; Piedmont section, Columbia, Newberry, Lyman, Greenwood, At 
: a lanta, and Charlotte, (Charlotte being the only city that did not 
answer our questionnaire). In this questionnaire we asked for and 

found that they vary in practically every cit. 

Columbia, Guy H. White: Mr. White says tnat from the record sent 
— him it looks as if there is something in the water that has not been 
taken into consideration. The sudden temperature changes might 
cause poor flocculation and that the alum reaction is not completed 
before filtration but finally finishes the reaction in the distribution 


i 
4 TABLE 1 
#3 
Spartanburg.............. 6.8} 8.4/0 | 8.3/80 /0.24 0.56|0.38) 76 
6.8] 6.8) 2.2 21.5 22 |1.47|0.66) 143 
Newberry................ 7.1) 8.2 7.9\36 .4)0.2 1.47'0.86} 108 
6.6} 8.1 8.1) 3.2/0.4 0.70 650.80 
6.9| 7.8 7.7 0.3)1.38/0.9 
.. 6.9| 8.0 8.4)19.5)0.25 0.58)/0.31) 120 


system. He says these conditions are unusual for this plant, but 
were experienced during the past winter. 

Newberry, Homer Schumpert: Mr. Schumpert suggests hydrated 
lime with highest calcium hydroxide possible, also that we run test 
for free alum in our filter effluent due to the continued cold weather, 
and that we watch the pH in different places in the city and change 
the lime treatment so as to codrdinate the different pH conditions 
of the city. He thinks we would always get red water from reheated 
water, and claims that water once heated, if well heated, should be 
used or thrown away, for otherwise the pipes and tanks will surely 
be eaten therewith. (In Spartanburg, we find that water heated too 
quickly or too hot will invariably cause red water.) 

Lyman, Marshall Bright: Mr. Bright raised the question if our 
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water in the last few years had not become more acid and if the acid- 
ity were not increasing slightly from year to year. He says that the 
pH of the coagulated water should be raised a little higher than: the 
pH of the raw water at certain seasons of the year to prevent free 
alum, especially in very cold weather when free alum gets through, 
and suggests the constant use of flocculator. 

Greenwood, F. W. Chapman: Mr. Chapman suggests that if a dose 
of alum is used during cold weather, there is a chance of quite a lot 
of free alum going into the filter which would create a certain amount 
of rust in the mains without a doubt and that we should undoubtedly 
- increase the lime dose in the filtered water at certain seasons of the 
year. Mr. Chapman’s experience is that the change in the pH or 
character of the water and in the main causes a loosening of the scale 
and red water. He further advises us to look out for dissolved 
oxygen on account of our new tank and also on account of the cold 
weather. 
Atlanta, Paul Weir: Mr. Weir frankly admits that Atlanta’s trou- 
_ bles and Spartanburg’s troubles are identical with red or yellow water, 
: depending on the stage at which you catch it. In Mr. Weir’s opinion, 
the foremost cause of our trouble is temperature differential, as his 
water went to 34 degrees (Spartanburg’s to 36 degrees). This, of — 
course, caused a greater viscosity and likewise a greater amount of _ 
; oxygen absorbed and where the dead end is is the place where the _ 
latter finally comes to rest in a low velocity and corrosion begins. _ a 
Mr. Weir states that there is a possibility that an excess application —__ 
chlorine and ammonia throughout the year, forming chloramines, 

¥ 


may contribute to excessive discolored water trouble as it is claimed __ 
_ that chloramine is decidedly toxic to iron bacteria which we often call 
a tuberculation in the advanced stage of pipe corrosion. Mr. Weir's _ 
observation is that marble tests change from season to season ~~ ae 
_ that the test should be run practically each month to establish this : 
seasonal change (24 hr. set up). He says that a pH of one- to ps 
two-tenths higher than the marble test should be maintained, 
provided it does not create taste and odor. He thinks that a Sie 
change from lime to soda ash should be considered seriously before 


é ~ adoption due to a change in the film coatings, etc., and that activated - 


Mr. Weir suggests that less than 0.20 ppm. residual chloramine in the - 
filter effluent be carried. His experience checks further with Spartan- Rect 
_ burg’s experience in that these conditions are seasonable and become ~ be 
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more aggravated in the rising temperature and until the maximum jg 
reached, and then decrease through falling temperatures. He says 
that the only remedy is either bleeding the dead ends or flushing the 
hydrants. 

Spartanburg’s Reaction: The above synopsis of reports have been 
posted for filter plant operators’ study with a few changes. Our first 
turbidity meter was purchased, a flocculator installed, and chloramine 
residual reduced from 0.24 plus to 0.20 minus. It is found that our 
marble test changes from 7.8 to 8.3. In addition to the above, dead 
ends have been flushed and since the temperatures have become prac- 
tically the same (after a rise from 36 to 60 degrees in forty-five days) 
there is a very marked improvement in the water in dead ends. 

(Presented before the South Carolina Section meeting, August 27, 
1936.) 
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The germicidal or oligodynamic action of small quantities of silver — ee 
“and other metals has been known for sometime. Practical applica- _ es 


ia 3. It is claimed that the bactericidal activity of the material can 


TREATMENT OF FOX RIVER WATER BY THE SILVER» 
MINERAL PROCESS 
By W. U. GALLAHER tolqaA ta vit 
(Water Department, Appleton, Wisconsin) 


- tion of this method, however, has been made only since 1929 when ae 
Krause of Germany pushed the idea so energetically that ithas been 


_ adopted quite extensively in his country in recent years. é gs 
There are two general methods disclosed in the European art for 3 


the treatment of water with silver. One method consists in in-— 
troducing small quantities of silver into water by means of an electric 
current. The second method consists in bringing the water in contact — 
with silver metal or silver coated material when sufficient silver goes 
into solution to destroy bacteria. The quantity of silver required to i .. 
sterilize drinking water is usually quoted as from 0.025 to 0.100 = 
milligram per liter with a contact period of 30 to 60 minutes. 

The oligodynamic activity of silver has also been given some atten- 
tion in this country during recent years. The subject of this investi- 
gation is an American process known as the Super-Ionite system that 
employs silver as the active germicidal agent. ‘Super-Ionite” 
mineral is a synthetic granular material made up of silver in com- 
bination with a type of base exchange silicate. The manufacturers 
claim for the material the following characteristics: 

au 1. The silver is dispersed throughout the particles rather than 
being coated on the surfaces. 
_ 2. The bactericidal activity is claimed to be due in a large measure En 
to its adsorptive properties for bacteria and is not wholly ce 
refBBOR): dependent upon silver going into solution in the effluent. 2 
This property is said to greatly increase its capacity, per- 
_--‘mitting a relatively short contact time with the water as 
compared to other contact type oligodynamic material. 


be maintained by a periodic re-activation. This re-activa- 
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consists of passing a solution of harmless non-corrosive 
salts, in proper proportion, through the Super-Ionite minera] 
bed. ‘It is claimed that the procedure frees the material from 
hy accretions and exposes new active surfaces. 
ier: During the months of November and December of 1935 an ap- 
_ paratus specified by the manufacturer as a Model C H Super-lIonite 
Domestic Drinking Water System was operated on the raw Fox 
River water at Appleton, Wisconsin. The unit embodied a porous 
filter stone, readily cleanable by turning a hand crank, the whole 
being mounted on the top and in the same container with a purifying 
~ eolumn containing the granular Super-Ionite Mineral described 
ae The purifying column was 38 inches deep by 6 inches in 
- diameter, Followi ing the purifying bed was a 30 gallon pneumatic 
tne  - tank for taking care of demand withdrawals. Both the 
inlet and outlet lines to the tank were near the bottom. The flow 
rate specified by the manufacturer for this apparatus was 5 to7 
gallons per hour when used on ordinary well water. The capacity 
between cleaning and reactivating periods when operating on reason- 
ably clear well water was specified at 500 ballons. Since the average 
daily capacity in normal home use has been found to be about 20 
gallons of drinking water, reactivation would be required only about 
once a month in actual service. 

The Fox River carries the overflow from Lake Winnebago to 
Green Bay. Between Lake Winnebago and Appleton are introduced 
domestic sewage from a population of 19,000 and trade wastes 
equivalent to a population of 40,000. In addition, organic matter 
in Lake Winnebago water entering the Fox River is equivalent toa 
population of about 300,000; therefore the amount of organic matter 
and the bacterial concentration present in the Fox River were always 
relatively high. 

The object of making tests on such highly polluted water was to 
determine the limitations of the Super-Ionite System when operating 
under the most extreme conditions prevailing, with a view to more 
clearly evaluating the normal utility of this system in the private 
well supply field. Von der Leedon in Vom Wasser 7, 90 (1933) 
has tabulated the known factors adversely affecting the bactericidal 
action of silver surfaces. Of these the dominant ones are (1) low 
temperatures, (2) organic matter in suspension, (3) organic matter 
in solution. The effect of low temperature is to slow both the rate 
of solution of the silver and the germicidal activity of the offtoemm 
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Thus, longer contact with the metallic surfaces was required, as well 
as a longer standing time of the effluent. The effect of organic 
matter is to coat the active surfaces, and to absorb silver from the 
effluent, thus decreasing its germicidal strength. The Fox River 
supply permitted the above factors to be studied in connection with 
a process, claiming regenerative features, which features should prove 
useful in maintaining it at a known level of activity, even under 


adverse conditions. 


=3) - RUN NO. 1—PRELIMINARY 

A preliminary run was made from November 1 to November 9 
in which 15 gallons of water were drawn every two hours. After 
withdrawals the stone was cleaned by scraping and washing. During 
all tests the unit was operated from 7 A.M. to 11 P.M. daily. This 
average daily withdrawal of about 100 gallons would represent about 
a week of normal use, according to the manufacturer. 

The temperature of the river water dropped from 50 to 42 degrees 
F. during the course of this run. The color during this period was 
25 to 30 and the turbidity 10 to 20. The total count of bacteria of 
the raw water was 20 to 4800 and the B. Coli Index varied from 1,000 
to 100,000 per 100 cc. 

Three samples of the effluent were taken daily for examination. 
The first sample, taken at 8 A.M. from the pneumatic pressure tank, 
represented water which had been standing in this tank since 10 
P.M. the night before. This sample was labeled Sample A. The 
second sample was taken during the normal daily operation at 4 
P.M. during regular withdrawal of water and under such conditions 
that it had had little or no storage time. This was labeled Sample B, 
and was set up immediately. The third sample was taken at 10 
P.M. This sample, in a glass bottle, was stored in the refrigerator 
until the following morning and was set up with sample A. It will 
be observed that the only difference between sample A and the 10 
P.M. sample is that the first had been stored in the pneumatic tank 
overnight, whereas the latter was stored in a glass bottle in the 
refrigerator, a like period of time. All samples were examined by the 
standard bacteriological procedure for drinking water. 

The data (table 1), show that the total count was slightly reduced 
while the B. Coli was entirely eliminated by the treatment. As 
the run progressed, however, it became more and more difficult to 
obtain 15 gallons of water from the unit every two hours on account 
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of rapid filming and clogging up of the stone prefilter. A check Was 
made and it was found that the stone was not being adequately 
cleaned and was so completely filmed, that it was removing the 


TABLE 1 
Super-ionite test. Preliminary Run No. 1, Nov. 1-8, 1936 


p 
t TOTAL BACTERIA COUNT, 37°C, B, COLI INDEX PER 100 cc, 
Enter- Effluent Enter- Effluent 
ACTIVATION ing ing 
River | super- River | super- 
ionite | A— B— Cc— ionite | A— B— | 
bed | 8 a.m. | 4p.m. | 10p.m. bed | 8a.m. | 4p.m./|10p.m, 
105 | 4,800 3 5,000 0.0 
370 0.0 
625 0.0 
3,300 760 10,000 0.0 
265 300 0.0 
lee, 7,500 1,000 0.0 
1,400 0.0 
150 750 1,000 0.0 
63 0.0 
«586 220 51 10,000 0.0 
6 1,000 0.0 
610 0.0 
; 682 2,300 240 100,000 0.0 
693 3 0.0 
20 3 1,000 0.0 
3 3,200 6.0 0.0 
Average | 1,800 1,164) 1,055; 433 | 16,000) 6.0 | 0.0 | 0.0 | 00 
_ * From 500 gallons on, the system was operating under conditions of over- 
‘Tun. 


_ B. Coli before they reached the purifying mineral bed,—in one test 
hy yee a the B. Coli index from 1000 to 6 as the water passed through. 
|: RUN NO. 2—ULTIMATE CAPACITY WITHOUT ACTIVATION 
During the foregoing preliminary run, which lasted 8 days, the 
had treated 726 gallons of water or approximately 50 percent 
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more than the manufacturer specifies between regenerations for normal 
well water treatment. In order to determine the point of markedly 
diminished capacity of the unit without regeneration on the Fox 


TABLE 2 
Super-ionite test. Run No. 2, Nov. 12-19. Over-run conditions 


TOTAL BACTERIA COUNT, 37°C. B. COLI INDEX PER 100 cc. 


yy Enter- Effluent Enter- Effluent 

ionite B— ionite | A B— 

bed 4p.m. bed 4 p.m. 


798* 50 100 
853 


1 
1 


1,379t 


Average} 750 5,500 


Note: B. Coli Index per 100 ce. effluent water equals number positive 10 ec. 
tubes times two. 
_ * Over-run began at 500 gallons in previous test, i.e., Run No. I. 
t No draw off, 24 hrs. 


River Water, the next run (table 2) was a continuation of the first 
one, that is, the mineral was not activated at the start of the run. 
However, during the test, the stone was scraped and washed more z 
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thoroughly than in the first run in order that it would not screen oy; 
bacteria, thus imposing the full bacterial load on the Super-Ionite 


bed. 
The temperature of the river water dropped from 42 to 38 degrees 
3 F. during the period of Run No. 2 (Nov. 12-19). The average 


turbidity of the raw water during this period varied between 410 
to 1250 and the B. Coli index from 1,000 to 10,000. In this run, 
as in the first, three samples were taken of the treated water each 
day, one at 8 A.M., one at 4 P.M., and the last at 10 P.M. As 
before, the 10 o’clock sample was stored.in the refrigerator overnight, 

Beginning with 50 percent overrun, based upon the reactivation 
schedule specified for normal water, the unit was shown to lose 
efficiency as the run progressed. When it reached 100 percent over- 
run, the current (4 P.M.) sample showed a B. Coli index of 6, At 
150 percent overrun, or when the unit had delivered about. 1250 
gallons, the 4 P.M. sample had a B. Coli index of 100. It is interest- 
ing to note that a sample drawn after the unit had stood idle for 24 
hours showed no B. Coli present. Samples taken at 8 A.M. were 
of better quality than those taken at 4 P.M. and 10 P.M. This 
water had been standing in the pneumatic pressure tank overnight. 
While it is true that the 10 P.M. and the 8 A.M. samples had identical 
storage time, it was consistently observed during all the foregoing 
runs that the 10 P.M. samples stored in a glass bottle were not always 
negative, whereas the 8 A.M. samples which had stood the same 
time were uniformly all negative. Von der Leedon in Vom Wasser, 
7, 90, (1933) has shown that silver ion can be taken up by glass in 
the extremely small concentration met in oligodynamic solutions. 
Explanation is made on the basis of adsorption. This phenomenon 
would readily explain a discrepancy in results of the two samples. 

Poorest results on this breakdown test with no regeneration show 
an average of 95 percent elimination on the 4 P.M. samples which 
are those having no standing time. 


+ 
RUN NO. 3—MINERAL RECOVERY WITH ACTIVATION 


The next run (table 3) was made to determine whether or not the 
unit would recover its efficiency if it were now activated according 
to the manufacturers’ specifications. Accordingly, after activating, 
the system was again placed in operation under the same conditions 
as the previous run. In sampling, the 10 P.M. sample was elim- 
inated. 
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out The temperature of the river water dropped from 38 degrees F. . i: 2 
Nite to 34 degrees F. during the period of Run No. 3 (Nov. 21-26). The . aa 
average turbidity was 17 and the average color 25. The total count 
Tees of bacteria of the raw water lay between 80 and 1150 and the B. Coli ae - 
age between 1,000 and 10,000. 
410 The 8 A.M. samples showed no B. Coli present during the period “2 
un, of the 6 day run. The 4 P.M. or current samples averaged 1.5 a mg 
a 
ht Super-ionite test. Run No. 8, Nov. 21-26. After field reactivation 
ae TOTAL BACTERIA COUNT, 37°C. B. COLI INDEX PER 100 cc. 
GALLONS 
DATE Effluent Entering Effluent 
er- River | super- River Tonite 
At Sam. 4 p.m. bed 4p.m. 
. Nov. 21 92 190 1 1,000 0.0 
: 144 600 2 1,000 2.0 
re Nov. 22. | 198 1,150 | 0 10,000 0.0 
is 244 0 6.0 
| Nov. 23 294 620 | 0 1,000 0.0 
343 200 0.0 
Nov 393 1,000 00.160 
Nov. 25 | 497 10,000 0.0 | 
; | 538 120 6 1,000+ 4.0 
. Nov. 26 | 605 130 3 1,000 0.0 
Average........| 434] 360 4 52 4,000} 1,000+) 0.0 | 3.0 
Note: B. Coli Index per 100 cc. effluent equals number positive 10 cc. tubes 
times two. 
of 5 tubes positive with a maximum of 3 out of 5 tubes positive. 
Although the latter samples, with no storage, did not conform tothe © 
U. 8. Public Health Service standards for safe drinking water, the — 
run demonstrated conclusively that the unit would recover by proper 


field activation. 


RUN NO. 4—FREQUENT DRAW-OFFS 


The unit was designed to furnish drinking water which could a ie 
be withdrawn in small quantities and at frequent intervals through- | 


out the day. Draw-offs were changed, therefore, in the next typ 
(table 4) to correspond more nearly to actual operating conditions 
Five gallons of water were removed from the pneumatic presgur 
tank each hour instead of the 10 and 15 gallons every two hours gs jy 


a Super-tonite test. Run No. 4, Nov. 27-Dec. 3. Frequent draw-offs 
< TOTAL BACTERIA COUNT, 37°C. B, COLI INDEX PER 100 co, 

GALLONS 
DATE SINCE Effluent Effluent 
ACTIVATION River River 
a.m. |B—4 p.m. A—8 a.m. | B~4p,.m, 
Nov. 27 25 410 850 1,000 | 0.0 
r 65 0 10+ 
Nov. 28 100 1,350 100 1,000 2.0 
140 0 10+ 
Nov. 29 175 150 1 10,000 | 0.0 
215 1 6.0 
y Nov. 30 250 460 2,200 1,000 0.0 
; 290 0 2.0 
‘Dee. 1 325 60 | 1,000 1,000 | 0.0 aa 
™ 
ti Dec. 2 400 Ob. 0: 240 1,000 | 0.0 
“ 440 a 260 2.0 
‘Dec. 3 475 400 30 10,000 | 0.0 
FE 505 450 0.0 
AVOQRUME....5.-::-:- 470 630 118 3,570 | 0.29 5+ 


Note: B. Coli Index per 100 ce. of effluent equals number 10 ce. tubes 
positive times two. 


The temperature of the river water dropped from 36 to 33 degrees 

F. during the Run No. 4 (Nov. 27-Dec. 3). The average turbidity 

of the raw water was 20 and the average color 21. The total count 

_ was between 60 and 1350 and the B. Coli index between 1,000 and 
10,000. 

The results of this run were similar to those of the previous run. 

The 8 A.M. samples passed the U. 8. Public Health Service standards 
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TABLE 5 
Super-ionite test with storage. 


Run No. 6, Dec. 6-17, 1986 


SILVER R MINERAL PROCESS TREATMENT 


luo TOTAL BACTERIA COUNT, 37°C. B, COLI INDEX PER 100 cc. 
GALLONS 
DATE Effluent E ng Effluent 
8 a.m. | 4 p.m. 8 a.m. 
Dec. 5 105 175 1,000 0.0 
4 145 10 
Dec. 6 175 750 2,500 1,000 0.0 
210 270 
Dec. 7 250 300 450 1,000 10 | 0.0 
285 3 
Dee. 8 330 500 1,000 0.0 
Dec. 9 | 405 57 2 1,000 0.0 
0 445 10 0.0 
‘Dec. 10 | 480 | 1,200} 245 | 1,850 
Dec. 11 | 5 | 500 23,000 1,000 0.0 
40 2,300 0.0 
Dec. 12 75 100 7 | 4,800 1,000 1,000 | 0.0 
115 1 10+ 
Dec. 13 | 150 | 1,700 2 1,000 0.0 
190 4,800 0.0 
Dec. 14 230 | 1,200 900 1,000 0.0 
265 3,400 0.0 
Dec. 15 300 155 6,200 1,000 0.0 
Dee. 16 375 60 2,000 1,000 0.0 
0.0 
ae yg 60 4,500 1,000 0.0 
120 1,000 2.0 
Average........ 521 124 3,892) 1,650) 1,000 | (1,750)} 0.0 | 1.34 


Note: B. Coli Index per 100 ce. in effluent equals number 0 cc. tubes posi- 


tive times two. 
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= 4 but the 4 P.M. samples did not, although the average reduction Was 
99. 8 percent with a minimum of 99 percent. These results indicated 
ae “4 that additional storage should be afforded the water particularly 
under such conditions as prevailed here. 


RUN NO. 5—EFFECT OF ADDED STORAGE — 
In order to determine the effect of added storage beyond th 
_ afforded by the pneumatic pressure tank when the system was operat. 
Be ing continuously at maximum flow rate on Fox River water, the next 
Ba o Tun (table 5) was made after a 30 gallon tank was installed following 
the Super-Ionite column. Five gallon withdrawals were made each 
as in Run No. 4. 
< a The temperature of the river water was between 33 and 35 degrees 
aa ie i during the course of run No. 5 (Dec. 5-17). The average turbidity 
in: was 12 and the average color 24. The river water count varied 
between 57 and 1700 and the B. Coli index was 1,000 during the 
course of the run. 
As before, the 8 A.M. samples of the treated water showed no 
B. Coli present at any time. The 4 P.M. samples showed less B. 
Coli than the corresponding samples in Run No. 4. Of these 4 
P.M. samples, two of the eleven showed 1 out of 5 tubes positive and 
one showed all 5 tubes positive. The results of the analysis of the 
latter samples is inconsistent with the results of the others. Elim- 
inating this one inconsistent result, the remainder conform to the 
U. S. Public Health Service standards for safe drinking water. 
The total bacteria count ‘ the effluent samples were higher than 
the total count of the raw wav.~. following the introduction of the 
storage tank. This might be due to the added storage time given 
the water or to initial contamination in the storage tank which was 
inserted just previous to the start of this last run. 


GENERAL OBSERVATIONS 
1. Super-Ionite mineral, a silver impregnated synthetic granular 
p preg y 


material, which has dropped off in its capacity for removing B. Coli 
as a result of severe overrun under adverse operating conditions, 
may be restored to normal activity by proper field activation. 

2. Super-Ionite mineral, with proper storage or with reasonable 
draw-offs, will reduce the B. Coli concentration of the cold, highly 
polluted Fox River water from 1,000 to 10,000 per 100 cc. down toa 
concentration that i is within the U. S. Treasury Department’s stand- 
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ards for a safe drinking water. The Fox River water, during the p(y 
period of these experiments, had a temperature of between 33 and TF 
42 degrees F. and contained much foreign material in the form of fine 
turbidity and organic matter. The conditions therefore were about _ 
as severe as could be found. 

3, The stone prefilter is a valuable adjunct in the Super-Ionite 

- treatment because it removes suspended and organic matter which 

might encrust the mineral grains. Moreover, when permitted a 

film normally, the stone will remove some of the bacteria and — ae 
g the over-all bactericidal efficiency of the unit. 
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- Super-Ionite units were erratic over the period of these tests. An 
apparatus of this type frequently shows these results because of con- 
_ tamination in the several parts especially when frequent changes 

are made. When chlorine is present in the free state, casual con- — 
tamination does not show up since free chlorine has a strong steriliz- 
 ingeffect. The Super-Ionite mineral has weak after sterilizing power. 
_ The bacteria in the effluent probably would reduce in number with 


no 
d a GENERAL CONCLUSIONS” 
e _ According to H. W. Streeter (Public Health Reports V. 48, No. 15, ce 
- p. 396) chlorination alone will produce a water meeting the U. S. 
e Treasury Department standards if the B. Coli concentration of the 
raw water does not exceed 50 to 60 per 100 cc. in Great Lakes water 
Y and 80 per 100 cc. in Ohio River water. Super-Ionite removed at —_— 
least 99 percent of the B. Coli from the Fox River water under re 
conditions of extreme overruns, low temperature, excessive draw-offs, 
and highly polluted raw water. 
Under all conditions, therefore, the unit may be expected toreduce 
the B. Coli concentration from 100 per 100 ce. to 1 per 100 cc., or toa , joa 
point where the finished water meets the U. 8. Treasury Department ee ; 
standards for safe drinking water. If one or more of the above 
adverse conditions is improved, the unit will reduce a larger concen- 
tration of B. Coli than 100 per 100 cc. to a satisfactory point. oe 
Therefore, the Super-Ionite unit can be expected to purify any — 
water which can be treated satisfactorily by chlorination alone. _ 
Such water would include those obtained from wells and surface 


supplies not heavily polluted. 
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THE WATER SUPPLY OF SARATOGA SPRINGS, N. y, 

(City Engineer, Saratoga Springs,N.Y.) 


By Samugeu J. Morr 


The settlement of the City of Saratoga Springs dates to about 
Revolutionary days. I am indebted to Mr. John M. Corey, City 
Historian, for the description of the original sources of water supply, 

The City of Saratoga Springs lies on two sides of a valley, the 
easterly side being of sandy soil and the westerly of limestone rock. 
On the westerly side of this valley, is a fault in the rock structure, 
and it is on the easterly side of this fault that all the mineral springs 
are located. Through this valley runs what is known as the Village 
Brook (now walled up and used as a surface water carrier). 

The first water system of which Mr. Corey has any record was 
obtained from this stream. At the time of its development, the 
village was divided into two settlemnts, one known as the Upper 
Village, a settlement adjacent to the High Rock Spring (the first 
mineral spring discovered); the other, known as the Lower Village, 
consisting of a settlement near another mineral spring, known as the 
Congress. 

The history of these various water supplies began between 1820 
and 1830, when a dam was constructed over the Village Brook where 
High Rock Avenue (then known as Willow Walk) joins Lake Avenue, . 
about 300 feet in the rear of City Hall. History states that this dam 
flooded an area as far back as Old Hodge’s blacksmith shop. A 
wooden flume was built on the lower side of this dam which conveyed 
the water to an undershot water-wheel, which in turn operated a 
pump which pumped the water through log pipes to a wooden tank 
located on the easterly side of Broadway, about 300 feet north of the 
present City Hall. Water from this tank was conveyed through log 
pipes to the dwellings in the Upper Village. This simple contrivance, 
says the historian, was Saratoga’s first water supply. 

Later, Dr. Clark, who owned Congress Spring, built a dam and 
installed a water-wheel and pump that forced the water into a tall 
tower, from which it was delivered to the village through log pipes. 
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The historian says a charge was made for the water and, being a 
private enterprise, much revenue was made. As this supply was 
located near the Lower Village, I imagine it was only this part of the 
village served. 

Another supply served the Lower Village, from what is known as 
Waterbury Brook, which flows through the northwestern section 
of the City. In excavating for sewers and water-mains in the west- 
erly sections, we have uncovered the log pipes that conveyed the 
water from this source to the lower village. 

At that early date and down to about 1846, the various water 
supplies were inadequate and from time to time town pumps were 
installed in various parts of the village, at which residents could fill 
pails, barrels, ete. One enterprising villager, the historian states, 
filled barrels from Taylor’s Pond (about 700 feet west of the present 
pumping station) and sold the water, delivered at 12 cents per barrel. 

Meanwhile, strenuous efforts were being made for a more complete 
water-works, and, on May 12, 1846, the first water-works bill was 
signed by Gov. Silas Wright; and the Trustees (of whom there were 5) 
turned their attention to the absorbing quest for a better water 
supply. The Village was empowered by law to borrow $10,000, 
which was loaned by John Southgate of Norfolk, Va., at 7 percent 
interest. On August 26, 1846, Washington Putnam, one of the 
earliest settlers, was given the perpetual use of water for his gift 
to the village of an acre on the south side of Church Street, opposite 
the Saratoga Golf Club, to be used as a site for a reservoir. The 
water supply was obtained by impounding the water flowing from 
several springs in the Town of Greenfield (about 2 miles west of the 
village.) The water from this impounding reservoir was conveyed 
through 6-inch sheet-iron pipes covered with about 3 inches of 
mortar to the open brick masonry reservoir on the Putnam lands 
from which it was distributed to the village. Portions of this sheet- 
iron pipe are still in use, serving the properties between the im- 
pounding reservoir and the westerly limits of the City. The work 
was completed in March, 1847, at a cost of $9,913.81, leaving a bal- 
ance of $56.19. The rates were $8.00 per year. 

In 1872, a law was passed authorizing the expenditure of $150,000 
for a more adequate supply, at which time Excelsior Lake was pur- 
chased. This lake was created by the construction of the embank- 
ment of the Saratoga and Whitehall Railroad, now owned by the 
Delaware and Hudson Railroad. A Board of Water Commissioners 
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te 2 was appointed, and the present water supply, known as Loughbe 
a Lake, was inaugurated. It has a tributary water-shed of 6.5 square 
miles, about two-thirds of which consists of level sand plains covered 


with a light soil. This area is covered with shallow basins, with the 


ay 


ri during periods of low rainfall. Never more than one-third of the 
effective storage volume of the lake has ever been utilized, indicating 
the existence of a large ground-water storage in the surrounding 
é plains which supplies an unusual inflow during periods of low surface 
run-off. 
The average annual draft from this supply exceeds 3.3 million 
ai gallons per day, equivalent to approximately 500,000 gallons per 
day per square mile of water-shed. Never since 1900, when the 
meters were installed, has there been a shortage of water nor has 
any consumer been curtailed in the use of water for lawn sprinkling, 
ete. The total volume of water in Loughberry Lake is 280 million 
gallons and the available volume 220 million gallons. The average 
| depth is 11.3 feet and surface area at high water is 74 acres. 
Evidently the first pump installed was operated by a turbine 
c water-wheel which is still in place in the steam pumping station. 
Excavations show a paved head race leading from the lake to this 
-water-wheel. From the appearance of the shafting and gears at- 
tached to the turbine, evidently a pump was located on the floor 
above, which pumped water to the village. It was about this time 
that the distribution system was installed. 
ol Sometime between 1872 and 1883, a Knowles million and a half 
_ steam pump was installed and is now located in the steam pumping 
station. In 1883 a Holly-Gaskell Pump was installed. It hada 
| _ capacity of 5 million gallons per day and was driven by a horizontal 
_ compound engine with high and low pressure cylinders. The water 
of ond was of the plunger type, having 672 Troy valves in the 4 com- 
perth This pump. was dismantled in 1933 and was replaced 
with 2 motor-driven centrifugal pumps, designed to be installed 
in the present pumping station. In 1888 another Holly-Gaskell 
pump, of the same type, was installed. This had a capacity of 8 
million gallons per day and is now standing in the steam pumping 
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— § result that an unusual proportion of rainfall enters the ground; water 
3 glosses by flood flow and evaporation being reduced to a minimum, 
i? 4 a This is indicated by the length of the overflow or spillway from the 
~s lake, which is only 14 feet in length and has served ever since the 
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station, which has been abandoned. This pump has 1448 Tro 

valves in the water end. 
These pumps obtained their water from a wood crib intake, fitted 

with a slotted U-shaped 24-inch cast-iron pipe operated by a windlass — 

and chains, in order to raise or lower it, to take water from any 

desired level. This intake was connected with the shore by a 36-inch 

wood stave pipe, supported by cribbing and loaded down with boxes 

filled with stone. At the shore end of this wood stave pipe was 

constructed a brick gate chamber, in which was installed a wooden 

sluice gate, operated by a rack and pinion. From this gate chamber = : 


the water was conveyed by a 2-ring brick circular conduit toa suction 
well, from which all the pumps took their water through separate 
} 


suctions. 


As there was no distributing or governing reservoir, these pumps 


4 _ operated against the pressure in the mains and it was necessary at 
times of low consumption to operate a waste valve in order to 
_ yeduce the pressure in the mains, and prevent stalling of the pump. 
_ The steam pressure required to operate these various units was 70 
pounds. 


(Presented before the New York Section meeting, October 15, 1986.) — 
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TASTE AND ODOR REMOVAL AT SOUTH FALLSBURG, N. y, 


By Epwarp P, ScHINMAN 

_ (Chemical Engineer, Technical Division, The Permutit Company, 

f New York, N. Y.) Sai 


- South Fallsburg in Sullivan County, N. Y. is a summer resort 
town, normally having a population of only a few hundred inhabi- 
tants. During the summer, the population is conservatively esti- 
mated at 5000. The visitors, the majority of whom come from the 
metropolitan New York area are accustomed to a good water supply, 
that is, one that is relatively soft, clear and free from objectionable 
tastes. 

The untreated South Fallsburg supply, which is taken from the 
outflow of Loch Sheldrake, is a creek barely 10 feet wide, which is 
protected, as far as possible, from pollution. The analysis of the 
supply is as follows: a 


15 to 25 p.p.m. as calcium carbonate 
ot 5 to 20 p.p.m. as calcium carbonate 
5 to several hundred after rains 
See 2 to 10 as Cl 
5 to 10 as SO; 
ve 0.2 to 0.6 as Fe 


The treatment consisted simply of chlorinating the water, the 
chlorine, in the form of liquid chlorine, being added to the suction 
side of the reciprocating pump. 

The water after chlorination had a very unpleasant muddy taste 
which caused a large number of complaints, not only from the year- 
round customers, but also from the summer paying guests. The 
water had a high chlorine demand and therefore there was the 
constant problem of adding sufficient chlorine to obtain effective 
sterilization and yet not produce the objectionable chlorinous tastes, 
due to chlorine and chlorine organic addition compounds. In this 
situation there was always a tendency to try to cut the chlorine 
dose to minimize complaints. Consequently the water Conny 
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as the public and consumers were becoming more “w shie-chmasianes)” ine 
The author was called in by the Superintendent Mr. Edward © as 
Teller to recommend treatment and equipment for adequate clarifica- _ 
tion and taste removal. Although several methods of treatment of oa 
this supply, based on past experience with similar waters, suggested — Ne 
themselves, it was realized that this was a privately owned water- — ar 
_ works with limited revenue. Therefore, the problem was attacked — ee 
from the angle of providing simple and effective treatment which ae - 
could be applied with a minimum of equipment and would require a tas rs 
minimum of operating cost and attendance. 
The only safe method of recommending a treatment for this supply #3 a 
was on the basis of making actual field tests. The making of these Ee = 
field coagulation tests is very much simplified by the use of a portable oe f 
- field test kit, developed for this special purpose by the author, and 
_ which takes up no more space than a very small traveling bag. = = 
4 


FIELD EXPERIMENTS 


The first test made was filtration through activated carbon. 
Several types and grain sizes of activated carbon were used and it es i: 
was noted that the taste and odor were effectively removed and also _ oe 
that there was some reduction in color taking place while the water ¥ e 
passed through the activated carbon. 
In view of the fact that the water contains very large amounts of a 1 
turbidity after rainfalls and that activated carbon cannot be called _ 
upon to take the load of color removal in addition to taste and odor ‘ae 2 
removal, and since the life of the activated carbon under these condi- — 
tions would be an unknown factor, it was decided that the use of 2 : 
activated carbon filtration should be supplemented by some form of 
pretreatment. 
Chlorine consumption tests were run in order to determine the ee 
chlorine demand of the water. The chlorine demand measured after : 
30 minutes standing varied from 2.0 up to 6.0 p.p.m.° 
A series of coagulation tests were made in order to determine 
optimum conditions for color and turbidity removal. The usual jar 
tests were made with various dosages of alum and also noting the _ 
effect of agitation and pH control. i 
The alum floc formed quite readily, even without special agitation, — 
over a wide pH range, and after filtration, the water was crystal — 
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aa é clear. It was therefore decided that agitation and sedimentation, 

Pe which would have increased the cost appreciably, could be safely 

7 dispensed with, especially since the tests were made on the water 
ta near the season during which peak conditions and maximum pollution 
would prevail. 

It was therefore decided to recommend sand filtration at a peak 
ue rate not to exceed 3 g.p.m. per square foot of filter bed area, during 
| 4 the maximum summer demand, which would correspond to approxi- 

mately 2 g.p.m. per square foot maximum during the fall and winter 

seasons. 

_ It was necessary to provide for the addition of alum as a coagulant, 
_ together with soda ash for coagulation and the control of the pH since 
_ after the addition of alum alone the water would have a relatively low 
pH value. 

The effluent of the sand filters, after pH adjustment, was to be 
_ passed through special acid treated activated carbon of approxi- 
_ mately 4-30 mesh material. In the use of activated carbon in gran- — 
ular form for pressure filtration, it is desirable to keep the grain size 
large for mechanical reasons, but not too large so that it would 
adversely effect the ultimate life or capacity of the activated carbon 
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On the basis of a peak rate of 200 g.p.m., two 78-inch diameter 
Type F. Permutit sand filters were installed. There were special 
features regarding these filters in that one single multiport control 
valve was used in order to control the operation of the two units. 
The type of strainer system used, while it has been used for some time 
‘in industrial practice, is relatively new in the waterworks field. 
Field tests have shown this type of strainer system is superior to the 
usual header, lateral, nozzle type and also reduces the amount of 
wash water required. The layers of filtering material were as 
follows: 


15 inches fine sand, effective size 0.5 mm., uniformity coefficient 1,6. 
7 inches coarse sand, effective size 1.0 mm., uniformity coefficient 1.6. 
4 inches, } x 4 inch gravel. 

4 inches, } x } inch gravel. 
8 inches, 4x1 inch gravel. bas. lon 
6 inches, 1 x 1} inch gravel. aor. oof 
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The type of chemical feed selected was the double orifice, pressure 
solution, displacement type in which a known weight of chemical is — 
dissolved in an automatically measured definite volume of water. 
With this type of feed, the feeding of a solution of known concen- 
tration is accomplished in proportion to the flow of water. The — 
feed is varied merely by adjusting the indicating needle valve. , 

The method of application of the chemicals was worked out in 
codperation with the New York State Board of Health and the mere 
chemical feeds were installed so that the alum for coagulation gould = 
be added at the suction side of either of the service pumps or ahead 
of the sand filters on the discharge side of the service pumps. The 
soda ash can be added ahead of the filters so as to react with the => 
alum when necessary or can be added after coagulation and sand 
filtration for pH correction. oF 

There was some question as to the selection of the size of the ie: 
activated carbon filter. It was desirable to have it fitinto the avail- 
able space in the pump room. The important factor in the selection _ ae 
of activated carbon filter size was the consideration ofthe necessary _ 
time of contact to accomplish dechlorination and taste removal! In 
order to maintain uniformity of filter size and to keep within the space 
available, it was decided to use a 78-inch diameter unit with an 
extra deep bed of activated carbon, approximately 60 inches in 
depth. 

In order to prevent corrosion of the steel shell when in contact 
with the activated carbon, the taste and odor removal filter was 
lined with a special bitumastic enamel which would not impart any __ 
extraneous taste to the water. The same type of strainer system was 
used in the activated carbon filter as for the sand filters. | 

Before the water treatment equipment was installed the water was 
pumped by Diesel driven triplex pumps to service and to an elevated 
storage tank which floats on the line. While the treatment equip- 
ment was being erected, a new Worthington triplex pump was in- 
stalled, the old pump being used for standby service. © As 


The method of operation was worked out during a conference with 
Director C. A. Holmquist, Associate Director Earl Devendorf, 
Senior Sanitary Engineer, R. D. Bates and District Field Engineer, 
W. H. Larkin of the New York State Department of Health. The 
water is super-chlorinated to maintain a residual of approximately 
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0.5 to 0.8 p.p.m. in the effluent of the sand filter. Alum is added, 


under normal operation, on the suction side of the pump, in sufficient 


quantities to obtain a color of approximately 10 or less at the filter 
outlet. 

.- A convenient check for noting the amount of alum used is made by 

_ titrating the water before and after the addition of alum and noting 

the reduction in alkalinity. One grain per gallon of alum sulphate 


will reduce the methyl orange alkalinity 8 p.p.m. and other quantities 


of alum will reduce the alkalinity proportionately. Also, the addi. 


tion’ of 1 grain per gallon of alum will increase the CO, content 


6 p.p.m. 
If the water after alum addition has too low a pH value for effective 


nea coagulation, or there is not sufficient natural alkalinity in the water 
ae to react with the alum added, soda ash is added before the filter to 


lee i provide alkalinity and adjust the pH value for coagulation. 
a The water, after the addition of alum, has a very low alkalinity and 
_ soda ash is therefore added, at the outlet of the filters, in order to 
raise the pH to approximately 7.5 to 7.6. 
The water after coagulation and sand filteration is passed through 
the activated carbon filter to service and the elevated storage tank. 
: The sand filters are washed when the pressure loss through the bedis 
- approximately 8 to 10 pounds per square inch. The loss of head 


es through the activated carbon bed is negligible, but washing is carried 


a out periodically once a week at a wash rate of 6 g.p.m. per square 
_ feet which, with this particular activated carbon, provides for a bed 
_ expansion of 50 percent. 

ay nian run on the operation of the plant was made on October 9 
“under the supervision of Mr. J. E. Kerslake of the New York State 
Department of Health and the details of this test run are given in 
table 1. 

Various dosages of chlorine varying from approximately 2 to 6 
-p.p.m. were used. Although the color of the raw water is only 36, 


ae required 3 p.p.m. of chlorine to obtain a residual of 0.5 p.p.m. 
after the sand filters. It is interesting to note that with the high 


amounts of chlorine applied there appeared to be some bleaching 

action of the chlorine on the color. The larger amounts of chlorine 

also assisted coagulation as evidenced by the lower color in the plant 
effluent. 
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ded, B. coli were present in the raw water sample, but were absent in all _ 
lent ’ of the treated water samples taken after the sand filters and the —__ 
filter activated carbon filter. 

Please the various chlorine dosages used, the chlorine content of the Re, 


ine. The effluent of the carbon filter was also free from objectionable 2 
chlorinous tastes. Under present conditions any desired amount > 
of chlorine can be applied in order to obtain effective sterilization 
- without causing complaints due to chlorinous tastes. 

The chlorine is determined by means of the regular Orthotolidin 
test. The men orange alkalinity and the CO, are determined by 


Results of test run, October 9, 1936 


SAMPLE 2 SAMPLE 3 

SAMPLE 1 EFFLUENT EFFLUENT 

SAMPLING RAW WATER SAND CARBON 
FILTERS FILTER 


to 
5 
0 


Hardness as CaCQ3................... 18 18 18 
Oxygen consumed.................... 3.1 3.4 1.1 
0.5* 0.0 


7 Alum dosage 0.4 g.p.g. 
at * Applied dosage 3.0 p.p.m. Residual after 5 minutes standing 0.85. 
All samples. 


9 the usual method of titrating with n/50 sulphuric acid and n/22 
te sodium carbonate and by, from the relation between the methyl — 
in orange alkalinity and the CO, the pH value is read from a chart. 
All the test equipment is enclosed in a cabinet to protect it from 
6 dust, ete. 
5, The superintendent was instructed in the manner of making the | 
n simple jar coagulation tests to determine the proper treatment should _ 
7 the water not respond readily to the treatment provided. Up to 
this time, it has not proven necessary to make these jar coagulation _ 
tests. 

The operation of the plant is being carefully watched by the New 
York State Board of Health in order to provide the usual protection 
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to the municipality and also to obtain data on this economical plant 
which may be considered for other smaller communities which are not 
able to afford more elaborate plants, but still want the best water 
possible from the existing supplies. 

(Presented before the New York Section meeting, October 15, 1986.) 


low 


© 


Die: bine lie to bod tose Lapel 
Jootord jenides « ai at Teed 
q ods abirvorq of ni dilasH Yo braod 


| 


; 
“aM 
> 
| 
van 
a 
3 
: 
‘ 
— 
: 


EXPERIENCES IN WELL CONSTRUCTION 


alan By J. A. Carr 
(Superintendent, Water Department, Ridgewood, N. J.) 


My remarks will be confined to the drilling of wells in rock, that 
being the type of well with which I am most familiar. 
In my opinion the most important points in the construction of a 
well are: 
1. Full and complete specifications and a bid sheet permitting a Fi 
fair comparison of prices 


event 
. The selection of a responsible contractor 


2 

. A plumb, full size hole 
5. Proper and complete testing 
_ (1) The preparation of specifications for drilling a hole in the > 
ground would seem to be a simple matter. In my opinion it is not ie of 
as simple as it first appears. There are several points both in the es = 
specifications and in the bid sheet which may cause difficulty in ae 
deciding the low bidder and misunderstanding in making payments. :. 
These points should be clearly set forth in fairness to both the con- ne . 
tractor and the purchaser. 
__ We, in Ridgewood, do not contract for a flat sum toa fixed depth, 
az but call for bids by the foot. For instance, our bid sheet reads as 


Item 1. For drilling, furnishing, setting and sealing, both a 


—— inch anda ~ inch casing from the surface of the 
ground to rock, as specified for $—— per lineal foot. = 
Item 2. For drilling a —— inch well from the bottom of the | 
casing to a point 150 feet deep for $—_ per lineal foot. | 
Item 3. For drilling, ete. — froma point 150 feet deep to a 
point 250 feet deep for $_ per lineal foot. Ry 
Item 4. For drilling, ete. — from a point 250 feet deep to a 


point 500 feet deep etc. 


Usually the most expensive portion of the well is the portion which 
is cased down to and into rock. The depth into rock to which the 
casing will be carried cannot always be decided in advance. In order 
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that all bids, saeieiiess may be considered on an anil basis, the fol- 

lowing statement is made in the specifications: ‘For the purpose of 
comparing bids the distance from ground surface to rock will be con- 
sidered to be feet.”” The distance mentioned is the approximate 
depth we believe the rock to be. 

Our specifications provide that we may stop drilling at any depth, 
Again so that bids may be comparable, we state in our specifications, 
“While the contractor’s bid is based upon a maximum depth of 500 
it is distinctly understood that drilling may be stopped by the Engi- 
neer at any depth, however, it is guaranteed that the contractor shall 
be paid for at least 200 feet of drilled well.” 

We provide that the well shall be tested once by and at the expense 
of the contractor, but also, that more than one test may be required. 
So that any uncertainty in bidding as to additional tests will be re- 
moved, the specifications set up the amount to be paid to the con- 
tractor for such additional tests. This set up price is on an hourly 
basis. 

(2) Next after the receipt of bids is the selection of a skilled and 
experienced contractor. The selection of a responsible contractor, 
one who is not only responsible financially, but more important one 
who knows how and has the equipment to do a first class job, and also 
the desire to do it. 

The improper care and use of drilling tools and improper handling 
of casings may result in defective wells causing much immediate or 
future trouble and expense. 

There should be absolute insistence that the contractor’s repre- 
sentative on the job, who is usually the rig operator, keep proper 
records and turn over to the purchaser full and complete information 
as to what is being done, and what is happening as the work pro- 
gresses. Samples of drillings at various depths should be preserved. 

Unfortunately, there are still some drillers who think their opera- 
tions are secret. They should be impressed with the fact that there 
are two parties, the owner and the contractor, who should know all 
there is to know about the hole. Full and accurate records are most 
essential for the proper future operation of the well. 

(3) The hole should be started at a size sufficient to permit as 
many reductions in diameter as may be necessary and still have 

-ample diameter for pump installation and to permit future work or 
alterations. 
We recently had occasion to insert a 10-inch casing in a well that 


‘ 

By: 

x 


2006 
ae 
oy 
wee 
a 


VOL. 28, NO. 12] | EXPERIENCES IN WELL CONSTRUCTION 2007 


had already been reduced from 16- to 12-inch. Had the hole been 
started smaller it might have been necessary to abandon it. It is 
poor economy to drill small holes. 

The well should be plumbed and gauged at frequent intervals during 
drilling in order that the purchaser may be assured a straight plumb 
hole of the required size. Watching the cable to see that it hangs 

_in the center of hole is a rough check for plumb. The bits should be 
‘ ‘ frequently checked to see that they are the full diameter required. 
‘While a hole straight but slightly out of plumb does not interfere 
to any great extent with a pump setting, a zig zag or cork-screw hole 
can cause no end of trouble and expense. This fact was vividly _ 
demonstrated to us recently when we inserted a 10-inch inner casing © 
in an old 12-inch well. The casing above rock was out of plumb and _ 
there was a constriction in diameter of the rock hole which it was 
necessary to correct before the 10-inch could be entered. 
(4) There is only one sure and permanent way of sealing a rock 
hole to shut off surface or top ground water and that is by double _ 
easing, with the annular space between the two grouted with neat 
cement. 
On new holes we require the outer casing to be driven to the rock. ' Ra 
-_ The drilling is then continued on same size as the outer casing to a : 


ia - cast iron plate is welded over the end of the i inner casing and it is % : 
__ lowered and pushed into the cement to the required depth. This _ 


_ bottom of the casing, and up into annular space between the two 
_ casings. The balance of the space is filled with cement to the top. — 
_ After the cement has set for several days the cast iron plate is knocked i 
out, the sand bailed out of the hole, and drilling is continued into 
rock. 
_ The purpose of the sand is to permit the string of tools to hand —_ i oo 

of the casing when drilling is resumed in order to avoid jarring and = ie 
cracking the cement. ee 

When inserting an inner casing in old wells, the hole is bridged at — 
the required depth and the same procedure followed. a a: 

In placing the cement in the well considerable care is necessary, 
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reaching the bottom and not entirely filling the annular space. We 
have found it most satisfactory to mix the cement with water to the 
consistency of heavy cream and to pour it in. Whether or not the 
space is entirely filled can be roughly checked by computing the 
volume of cement required. 

If the cement is placed dry, a small pipe carrying air from a com. 
pressor should be lowered to the required depth and gradually with. 
drawn as the hole fills. By this means the bubbling air prevents 
bridging of the cement. 

(5) Tests should be made with a pump of sufficient capacity to 
handle more water than is expected, and with the pump set low 
enough to secure a maximum draw down. The yield should be 
measured either by meter or orifice. We do not favor testing with 
air. 

On all wells we require a 72 hour test of continuous pumping. For 
the first 60 hours the well is pumped to capacity at a maximum draw 
down. Usually after the first twelve or fifteen hours a point is found 
where the level does not change and the well is pumped at that level 
until about the sixtieth hour. The pumping rate is then gradually 
reduced by degrees, at intervals of about an hour and the draw down 
at different rates noted. This method gives a very good record of 
the capacity of the well at different draw down levels and its rate of 
recovery. By this method the proper pump setting can be chosen. 
It sometimes happens that a well will not yield enough more at, say 
for example, 125 feet than at 75 feet to make it worth while to pump 
against the additional head. 

We prefer, as being more positive, this method of pumping to 
capacity first and then slacking off, to drawing the well down gradu- 
ally. If a well recovers to a certain yield and draw down after being 
pumped for 60 hours in excess of that amount, it is reasonably certain 
that it will maintain that capacity at that draw down under ordinary 
service conditions. 

While tests are being carried on hourly, readings are taken on all 
surrounding wells available, both public and private, within a half 
mile radius. 

In concluding, may I call your attention to the fact that several 
states are licensing well drillers and have adopted well drilling codes. 
I understand such a bill is now in committee in Trenton. It is 
known as Senate Bill No. 55 and was drafted by the New Jersey 
Division of the’ American Association of Well Drillers. This bill 
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provides for state supervision of all well drilling and the licensing of 
all well drillers. The bill is a decided step forward toward the 
securing of competent drillers and properly constructed wells. The 
bill merits the support of this Association both individually and 
collectively. 
the New Jersey Section October 28, 1986. 


Je 
1e 
le 
0 
P 
7 & 
| 


ABSTRACTS OF WATER WORKS LITERATURE” 
Ci 


FRANK HANNAN 


Key: American Journal of Public Health, 12: 1, 16, January, 1922. The 
figure 12 refers to the volume, 1 to the number of the issue, and 16 to the page 
of the journal. 


Ponce City, Oklahoma, Replaces Wells with New Surface Supply. The 
American City, 51: 7, 43-44, July 1936. Continually increasing hardness and 
salinity of water from wells in the vicinity dictated their abandonment, 
Instead, water from reservoir formed by two dams on nearby creeks is pumped 
to treatment plant, where it is coagulated and filtered.—Arthur P. Miller. 


City Studies Water Revenues. Turns to Universal Metering. The Ameri- 
ean City, 51: 7, 67-71, July 1936. Under incentive of increasing deficits in 
Water Department, city of Manistique, Michigan, compared their water 
consumption with that of similar cities, and after carefully computing costs 


and revenues, decided that 100 per cent metering would be profitable. Results 
to date have justified this decision—Arthur P. Miller. 
California Municipal Water Supplies. CHartes G. Hype. The American 


City, 51: 6, 67-70, June 1936. Statistical résumé of data from report by 
California State Department of Public Health for years 1930-1932, giving 
number of water supply systems and districts, their ownership, their water 
consumption and treatment methods; together with descriptions of some 
of more outstanding examples.—Arthur P. Miller. 


Handling 9,000 Water Accounts. N. V. Moss. The American City, 51: 
6, 72-73, June 1936. Description of methods used for meter reading and 
billing in Amarillo, Texas.—Arthur P, Miller. 


Unusual Design for Elevated Storage Tank. Frank H. Criovaen. The 
American City, 51: 6, 75, June 1936. This 150,000-gallon tank in residential 
area in South Pasadena, California, was designed to comply with require- 
ment that it should combine beauty to harmonize with surroundings with 
structural stability to meet the earthquake hazard. Symmetrically semi- 
parabolic, it is supported, without a platform, by eight built up columns.— 
Arthur P. Miller. 


Wisconsin’s Well-Drilling Code. Frank R. Kine. The American City, 
51: 6, 80, June 1936. Description of recently enacted law designed to safe- 
guard potable supplies from wells.—Arthur P. Miller. 
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_ The Water-Softening Plant of Hamilton, Ohio. The American City, 51: 7 <i 
6, 87-88, June 1936. Description of plant, with equipment for lime applica- ii 
tion, clarifying, filtering, recarbonating, chlorinating, and pumping.—Arthur 
Miller. 
Silting of the O’Shaughnessy Reservoir. A.M. Epwarps. Civil Engineer- __ 
ing, 6: 8, 511-512, August 1936. Columbus, Ohio, obtains part of its water = 
supply from the O‘Shaughnessy reservoir on the Scioto River. For 298 days 
in 1934 there was no flow over the spillway and water-level fell to 36 feet 
below the crest. This exposed a great expanse of silt, revealing considerable 
loss of capacity. Survey showed that in nine years reservoir had silted up 
6.1 per cent of its capacity. By contrast, silt surveys of several municipal — 
water supply reservoirs in Texas have shown rates of from 2.0 to 2.4 per cent — 
per year.—H. E. Babbitt. 


Trends in Water Works Practice. M. F. Trice. Civil Engineering, 6: 8, 
520-523, August 1936. Among recent improvements which have taken place _ 
in water works practice may be included:—use of newly introduced chemicals __ 
for better flocculation and for elimination of tastes and odors; increased _ 
efficiency of sand filter beds due to higher rates of backwashing; and pro- — 
longation of chlorine disinfecting action through addition of ammonia. — 
Activated carbon has proven effective in removing taste-producing constit- _ 
uents of vegetable and animal origin. A mechanical aid to flocculation has __ 
been provided which greatly improves efficiency of chemicals. It has been — 
shown also that a clean sand filter bed will produce a better effluent than 
the ripened filter previously favored in water purification plants. Trend in — 
storage of water is toward elevated rather than ground storage, and towards 
beauty in design.—H. E. Babbitt. 

Constructing Village Water Works and Sewers. E.A.LAwrence. CivilEn- 
gineering, 6: 8, 506-510, August 1936. Water and sewer problems encountered ie 
in villages are probably even more diversified than like problems in cities, _ 
and almost always require experience and sound judgment to secure the 3 ae 
best results. In cities where experienced legal departments are maintained, 
engineering department can usually confine its efforts to purely engineering —__ 
aspects of the various projects for which plans are required. In villages,on 
the other hand, the consulting engineer is almost forced to assist in solving __ eg 
financial and legal problems. The engineer for the village improvement is <a 
called on to play the réle of gambler de luxe, as he must rely upon willingness 
of the electorate to approve the project and upon good faith of the village _ 
council to legalize terms previously agreed upon. Among technical problems | 
encountered may be included: minerals in raw water, iron-removal plants, _ 
fluorine in water, problems of quantity of water available and required, 
development of wells, types of well pumps, securing of surface water supplies, 
construction of dams, design of spillways, proper provision for fire fighting, 
layout of distribution system, elevated storage tanks, and concrete reservoirs. 
Much that has been said about water supplies in villages applies equally to 
sewers and sewage treatment plants.—H. E. Babbitt. 
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Lead Pipes as a Source of Lead in Drinking Water. G. N. Quam and A. 
Kier. Journal American Public Health Association, 26: 5, 778-780, August 
1936. Samples of water from sources supplying the City of New York haye 
been permitted to remain in contact with lead pipes for varying periods of 
time. A lead concentration as high as 4.722 p.p.m. is reported to have been 
attained after 14 days exposure.—H. E. Babbitt. 


Analysis of Flow in Networks of Conduits or Conductors. Harpy Cross, 
Bulletin No. 268, Engineering Experiment Station, University of Illinois, 
November 13, 1936. The problems deal primarily with systems carrying 
water and incidentally with those carrying electric currents. In general, 
the analysis of such systems by formal algebraic procedures is, if the systems 
are complicated, very difficult. Models have been used, but here, as else. 
where, there are some objections to their use. The methods here presented 
are methods of successive corrections and thus involve an arithmetical appli- 
cation of the fundamental principle of the differential calculus. In the prob- 
lem, as usually presented, the quantity of fluid or of energy flowing into 
distribution system at one point is known and the point, or points, of delivery 
are also known. Sizes and lengths of conductors, or pipes, in system are 
given or assumed, and also the law controlling relation between quantity of 
flow in the conductor and loss of head, or voltage, in a given length. It is 
usually desired to determine total loss of head, or voltage, between inlet 
and outlet. Two methods of analysis are proposed. Principle of one of 
these is that flows in pipes, or conductors, of network must always satisfy 
the condition that total flow into and out of each junction is zero. Principle 
of the other is that total change of head around each circuit always equals 
zero; and flows in pipes of circuit are successively adjusted, so that total 
flow into and out of each junction finally approaches, or becomes, zero. The 
five steps in the method of solution of the problem in a known distribution 
system are:—(1) Assume any distribution of flow. (2) Compute in each pipe 
the loss of head, h = rQ". With due attention to sign (direction of poten- 
tial drop), compute total head loss around each elementary closed circuit, 
Dh = IrQ*. (3) Compute also in each such closed circuit the sum of the 
quantities R = nrQ®-» without reference to sign. (4) Set up in each 
circuit a counterbalancing flow to balance the head in that circuit, equal to 

_ _ =rQ* with due attention to direction of flow) 
= =nrQ@- (without reference to direction of flow) 

so that =r(Q — A)" will equal zero. (5) Compute the revised flows and repeat 
the procedure. Continue to any desired precision. Proof of accuracy of 
the method and illustrative problems are given.—H. EF. Babbitt. 


Restoration of Ground Water Levels and Lake Levels in Wisconsin. H. W. 
Meap. Bulletin of the Associated State Engineering Societies, 11: 3, 37-40, 
July, 1936. The work of restoring ground water levels and lake levels has 
been one of the important state-wide programs under both WERA and WPA. 
This work is divided into two divisions; the control of the flow of water in 
the Central Wisconsin drainage districts, fee me restoring of lake levels. 
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Low, flat land, consisting principally of peat soil, has been ditched, with 3 
ditches ranging from 6 to 20 feet wide: These ditches were controlled by — 2 
construction of small dams, raising the ground water level and bringing the Spr 
land back to its natural state—H. E. Babbitt. 

solder 

Roller Gates. W.Z.Lipicxer. Bulletin of the Associated State Engineer- _ 
ing Societies, 11: 3, 52-68, July, 1936. A roller gate is a cylindrical steel struc- _ 
ture placed in a horizontal position between two concrete piers. The drum — 
is strengthened by longitudinal ribs and stiffered by transverse bracing at __ 
intervals of 8 to 10 feet. Attached to each end of the drum is a cast steel 
gear tim engaging a similar set of teeth in a rack set in the pier. The con- —__ 
centrated load of the teeth and track is distributed throughout the drum __ 
shell by a heavy steel plate called the load disc. At one end of the roller _ 
gate a chain wraps part way around and is anchored to the drum, the chain bake 
extending to the operating machinery for the gate which is placed on top ie. 
of the pier. At each face of the pier the drum has attached to it a flexible = 
steel plate called the end shield to cover the recess in the pier and provide a : 
water seal around the ends. Near the bottom of the drum and somewhat 
upstream, is a curved apron which projects below the bottom of the drum. _- 
This increases the height of the gate and allows the drum to be submerged. 
This apron is rigidly attached to the drum. The primary advantages of 
the roller gate are: Ist. the long gate lengths economically feasible; 2nd. 
abundant vertical rise to give adequate clearance above high water, and 
3rd. a ruggedness of structure and record of dependability and long service 
in severe winter conditions. The roller gate was invented in Germany about 
35 years ago, and has been much used in that country and Scandinavian 
countries ever since. The designing of the roller gate may properly be divided 
into: lst. the determination of the size, shape, and characteristics of a gate 
which will satisfy the requirements of a given project in the most economical 
manner; and, 2nd. the analysis of the gate to determine the stresses and 

sizes of the members required. The article proceeds to discuss each of these 
divisions of design. The cost per square foot of roller gate in place was 
approximately $120 for Dam No. 8 on the Upper Mississippi River. A similar 


figure for 35- x 15-foot Tainter gates was about $100. Discussion by C. R. 43 

Martin, p. 58. Mechanical and Electrical Features. J. C. Basson, p. 60. ae 

The type of machinery used in the operation of the roller gates is massive - 

in design when compared with other operating machinery that is installed _ cate 

at locks and dams. The roller gates are raised and lowered through a hoist- Bt ee 
te? 


ing mechanism placed at the top of the pier. In general, this machine is a 
large chain hoist that raises the gate by a chain wound part way around one 
end of the drum. The hoist is driven by an electric motor that is in turn 
controlled by two multiple contact limit switches working in conjunction 
with a full magnetic controller, all of which is controlled from a master switch 
that is located at one end of the hoist. The driving motor is a wound-rotor 
induction type, direct connected by a flexible coupling to the extended high 
speed work shaft of the speed reducer. There are three 3-kw., 440-volt, 
60-eycle, single-phase heaters, connected in delta and installed in each end 
of the roller gate drum directly on the end discs, for the purpose of melting 
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ice that may have formed in the pier recesses. Discussion by C. R. Marty, 
p. 67. In all designs, the engineer considers what will happen in case appa- 
ratus does not function. With the roller gate operating machinery, this has 
been given careful attention, as some features incorporated in present gate 
are new in application and in the size of parts.—H. E. Babbitt. 


_ A Simple Apparatus for Pouring an Exact Quantity of Agar into Plates Aseptj. 
cally and Free from Foam and Bubbles. Ernar Lzirson. Jour. Bact., 30; 
4, 423, October 1935. 4 pages.—Ralph E. Noble. 


The Metabolic Activity of Various Colon-group Organisms at Different 
Phases of the Culture Cycle. Grace Mooney and C.-E. A. WINsLow. Jour, 
Bact., 30: 4, 427, October 1935. 15 pages.—Ralph E. Noble. 


A Comparison of the Eijkman Test With Other Tests for Determining 
Escherichia Coli in Sewage. A. A. Hasna and C. A. Perry. Jour. Bact, 
30: 5, 479, November 1935. 6 pages. Standard lactose broth and certain 
proposed substitutes have been compared with the authors’ modified E1yxmay 
medium as to their relative efficiency in isolation of EZ. coli from raw sewage, 
The Ewxman test was found superior to standard lactose broth, buffered 
lactose broth, Rirrur’s, SAuue’s, and Srarx’s and 
ENGLAND’s broths in number of isolations made and in gas tubes confirmed 
for E. coli. In further comparison between standard lactose broth and 
modified E1JkMaN broth for the isolation of E. coli from raw sewage, sewage 
effluent, and sludge, EZ. coli was recovered from more tubes of E1J KMAN broth 
than of lactose, except in case of sewage sludge, where 4.5 percent more lae- 
tose tubes confirmed. A much larger percentage of E1JKMAN tubes with 
gas confirmed in all instances.—Ralph E. Noble. 


Iodoform Odor in Iodine-Containing Mineral Water. E. LinpNer. Chem- 
iker Zeitung, 60: 42, 426, June 1936. In water from a Hungarian thermal 
mineral spring containing 0.1 p.p.m. of iodine, which is saturated with carbon 
dioxide and bottled under pressure of 85 pounds per square inch, occasionally, 
after prolonged storage, iodoform odor develops. Tests have shown that 
oxidizing agents will cause iodoform formation provided suitable organic 
matter is present. It is supposed that the juvenile water rising from the 
Hungarian thermal fault becomes contaminated in passage through the upper 
strata with ground water carrying nitrites and with sulphur-oxidizing bacteria; 
iodoform formation being promoted by low hydrogen ion concentration.— 
Manz. 


Water Treatment for Swimming Pools (Indoor and Outdoor). Orro Ul 
saAMER. Gesundheitsingenieur, 59: 26, 402, June 1936. Review of current 
methods of treating pool water, with special reference to avoidance of chlorine 
troubles. To precipitate chlorine-binding organic matter and thereby mini- 
mize chlorine dose, recirculation and filtration of pool water, often with 
coagulation as well, are indispensable. For elimination of chlorinous taste 
and odor, combined methods such as chloramine, or hypochlorous acid ata 
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dom from hydrochloric acid secured by percolation through marble tower), 
have proven more successful than chlorination alone. Good results in con- 
trol of algae growth are obtained by treatment with chlorine and copper (as 
applied at Olympic stadion at Berlin), with copper dose ranging from one- 
tenth to one-twentieth of that of chlorine; or with chlorine and silver, with 
silver doses ranging from 30 to 80 milligrams per cubic meter; or with com- 
bined chlorine-copper-silver-treatment, with from 100 to 150 milligrams 
copper and 10 to 15 milligrams silver per cubic meter. In opinion of the 
author who is a member of the Prussian State Institute for water, soil, and 
air hygiene, safe conditions are secured with negative coli-test in 100- to 
10-ml. samples, agar plate counts not exceeding 100, and gelatine counts not 
exceeding 500; these bacteriological standards being maintained with chlorine 
residual of pool effluent approaching negativity to iodine-starch test, but 
positive to benzidine test. For outdoor pools, a lower range of bacterio- 
logical quality is permissible; but except in times of flood, Bact. coli should 
not be present regularly in samples of 0.01 ml.—Manz. 


Biology of Water Supplies. Leo Minper. Schweiz. Verein von Gas- und 
Wasserfachminnern, Monatsbulletin 16: 5, 102, May 1936. Review of occur- 
rence and of sanitary significance of, and of protective measures against, 
organisms in water supplies. Of the iron bacteria, crenothrix is but seldom, 
leptothrix and gallionella frequently, recorded; growth being promoted 
wherever steel plate, cast iron pipe, etc. come in contact with iron-free water; 
corrosion of metal underlying bacterial film is remarkable. Red water trouble 
at Wettingen, due to solvent action of oxygen-free ground water on distri- 
bution system, was overcome by preliminary pressure aération; but further 
difficulties have since arisen from luxuriant growth of a zooglea-forming 
coccus, covering entire inner surface of pipes and imparting to the water an 
unpleasant odor of decomposition. It has not yet been possible to trace 
the origin of this growth, or to eradicate it; it is believed that an unusually 
great increase in water temperature (from 5° to 17°C.) during last summer 
enhanced the growth. Supplies originating from deep lakes are to be con- 
sidered satisfactory; although a distinct fishy odor is often noticeable during 
summer at the bridges over the Limmat, which is the outflow from the lake, 
in the city of Zurich, no odor was ever imparted to the city supply. Rapid 
sand filters should retain suspended matter down to 5y size with an average 
efficiency of 90 percent. Investigations of Zurich slow sand filters showed 
no increase of bacterial count after cleaning and absence of bacteria-destroy- 
ing organisms, with counts quickly decreasing towards deeper layers. 
Decrease of dissolved oxygen during filtration is regularly recorded and 
averages 0.47 ml. per liter, the observations extending over ten years. This 
may be interpreted as due to respiration and living activity of the filter. 
Chemical examination shows a decrease in oxidizable matter and in ammo- 
niacal nitrogen, with approximately corresponding increase of nitrate nitro- 
gen, indicating oxidative destruction of organic matter resulting from bacterial 
activities.—Manz. 


Deutsche Licht- und Wasser- 


Magno-Filter-Material. Oskar RITSCHEL. 
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35 p.p.m. hardness) may be filtered over pure burnt magnesite; but with 
hard water cementing of grains takes place, due to deposition of caleiyn 
carbonate during time of reduced flow. Magno-filter material ig partly 
burnt dolomite, analyzing 71 percent calcium carbonate, 22 percent mag. 
nesium oxide, and 3 percent magnesium carbonate; burning procedure being 
directed to calcine magnesium carbonate as far as possible without attacking 
calcium carbonate, since even a small percentage of calcium oxide may impart 
to water persistent alkaline taste. Magno-material proved effective for 
deacidification under widely varying conditions, alkalinity of water to be 
treated not being limited to calcium carbonate equilibrium conditions, Iron 
and manganese are simultaneously removed.—Manz. 


Cumasina Process on Plant Scale for Water Sterilization for Drinking, 
Bathing, and Industrial Use by Means of Silver. Wa.trHeR Kruse and Maxi. 
MILIAN FiscHEeR. Gesundheits-Ingenieur, 59: 22, 312, May 1936. Under the 
title of Cumasina process, electrolytic disinfection of water, using either 
silver or insoluble anodes, is claimed. Germicidal effect of special Cuma 
process with anodic formation of dispersed active silver chloride is explained, 
Method has been used for some years in municipal pool at Leipzig and has 
given uniformly negative coli tests in 100 ml. and, except for occasional 
appearance of silver-resisting forms, low bacterial counts. With current 
consumption of 1.25 amp. at 9 volts, 1 kg. silver is dissolved after 3 to 4 weeks, 
—Manz. 


Tastes and Odors. Causes and Prevention. L. C. Bituinas. Southwest 
Water Works Jour., 18: 3, 21-22, 1936. A list of algae giving trouble in 
Texas and a discussion of the methods of treatment are given.—O. M. Smith 
(Courtesy Chem. Abst.). 


Water Main Jointing Materials; Experience with Cement. Frank M, 
Mourpuy. Southwest Water Works Jour., 18: 4, 15-16, 1936. Cement makes 
as good a joint as other material and costs less. Methods of use are given.— 
O. M. Smith (Courtesy Chem. Abst.). 


Suggested Water Works Standards. CHarites M. Crawrorp. Southwest 
Water Works Jour., 18:4, 22-23, 1936. Detailed résumé of operating standards 
for state of Texas is given. Maximum permissible limits are:—for total 
solids, 1000 p.p.m.; for chloride, 400 p.p.m.; and for sulfate, 350 p.p.m.— 
O. M. Smith (Courtesy Chem. Abst.). 

Contamination of Well Water Supplies. Earnest W. Boyce. Southwest 
and of specifications and regulations of Health Department of Kansas. 
O. M. Smith (Courtesy Chem. Abst.). 


Amarillo’s Customers’ Accounting. N.V. Moss. Southwest Water Wor 
Jour., 18: 6, 14-15, 1936. Description of methods followed.—O. M. Smith. 
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Ground Water Resources of Texas. A. H. Duniap. Southwest Water 
Works Jour., 18: 6, 16-17, 19386. Brief survey, with excellent bibliography, 
is given.—O. M. Smith (Courtesy Chem. Abst.). 


Soil Conservation in Regard to Water Supplies in the Southwestern States. 
G. A. Barnes. Southwest Water Works Jour., 18: 5, 11-14, 1936. Under- 
ground reservoirs are filling at rate of 0.34 to 2.43 percent per year, depending 
upon character of soil and condition and extent of watershed.—0O. M. Smith 


(Courtesy Chem. Abst.). 


Distribution System Maps and Records. C.E. Perkins. Southwest Water 
Works Jour., 18: 5, 15-16, 1936. Description of methods used by town of 
15,000 population.—O. M. Smith. 


Factors to Be Considered in Making Rates. Marvin C. Nicuots. South- 
west Water Works Jour., 18: 2, 13-15, 1936. A good brief outline.—O. M. 


Smith. 


Tastes and Odors; Their Measurement and Control. Joun P. Harris. 
Southwest Water Works Jour., 18: 3, 12-15, 1936. Excellent brief summary 
of present knowledge.—O. M. Smith (Courtesy Chem. Abst.). 


Materials, Installation, and Maintenance of Service Pipes. MarviN 
Turner. Southwest Water Works Jour., 18: 3, 16-17, 1936. Recital of 
experiences at Austin, Texas. Much trouble may result from materials not 
being suited to prevailing soil and temperature conditions and from incorrectly 
sized services.—O. M. Smith. 


Structural Properties of Vibrated Concrete. ANperson. Eng. News- 
Rec., 115: 676-7, 1935. Tests, the results of which are given, indicated (1) 
that the water-cement ratio law holds for very lean mixtures, provided a 
compact concrete can be produced, and (2) that the shrinkage of lean mixtures 
when compacted by vibration is considerably less than that of richer mixtures 
of same water-cement ratio.—R. E. Thompson (Courtesy Chem. Abst.). 


Overtopping of Small Dam Causes Flood in Italy. E. Prosst. Eng. 
News-Rec., 115: 607-10, October 31, 1935. Illustrated discussion of failure 
of Alla Sella Zerbino Dam (12 meters high) above Molare in Northern Italy 
on August 13, 1935, following succession of intense rains of cloudburst char- 
acter. More than 100 lives were lost. Dam, together with larger one, Zerbino 
(42 meters high), formed Ortiglieto Reservoir on Orba River, which provided 
storage for power plant supplying Genoa. Structure was of gravity design 
and is believed by author to have been constructed of Cyclopean concrete. 
DuBors (Bull. Téchnique de la Suisse Romande, August, 1935) concludes 
that overloading and possible absence of safeguards against underscour 
caused collapse of dam. Proxst appears to have reached similar conclusion. 
In discussion by Rospert A. SuTHERLAND, it is pointed out that failure of 
small dam would release almost half of water in reservoir at normal water 
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_ level, i.e., 8 out of 18 million cubic meters, and with water level 5 meters 
_ above normal, 14 out of 24 million. Potentiality for disaster was therefore 
= far greater than its comparatively small height would indicate. Flood runoff, 
“ estimated by Prossr at 1,377 second-feet per square mile of catchment area 
(58 square miles), is extraordinesily high. Only record approaching this 
figure is that cited by Creager and Justin in Hydroelectric Handbook, 


i _ ‘Page 48, for Devil’s Stream, Iowa: 1300 second-feet per square mile on catch. 


= 


Grouting Checks Leakage in Earthfill Dam. EK. M. Eng. News. 
 Ree., 115: 499-500, October 10, 1935. Repair of earth dam of Port Jervis, 
__N. Y., water department by grouting is described. Success of work is believed 
— rec been established by more than 7 months of satisfactory service under 
repeated full head. Old dam, impounding small mountain creek, was built 
in 1887 with team and hand labor. It was about 40 feet high and was com- 
posed of miscellaneous borrow with high proportion of cobbles and boulders, 
Impervious section consisted of clay facing, about 3 feet thick at water line 
and probably thicker below. In defiance of most accepted present-day 
principles of design, dam remained in fairly satisfactory service for 45 years, 
In 1930, city purchased water system from company and in 1932 dam was 
ms raised about 8 feet to provide 6 feet additional storage depth at cost of about 
ae $40,000. No borings were made. When reservoir filled following spring, 
alarming leakage broke through. Local repairs were made, but following 
year water again broke through. Blanket fill of rolled earth was rejected 
owing to cost and it was decided to make wash borings to impervious stratum 
= and seal fill in front of corewall and sheeting (placed when dam was raised) 
i é with earth and cement grout. Pumping outfit consisted of horizontal double- 
action hand force pump. Mixture of cement and soil varied from 1:2 to 1:6. 
Overall cost was about $17,000. Experience showed that little effect is ob- 
oR tained in sealing voids in porous earth strata below bottom elevation of 
grout pipe. They must be worked from bottom up.—R. E. Thompson, 


’ New Hampshire Water Board Outlines Conservation Plan. Eng. News- 
Rec., 115: 600, October 31, 1935. New Hampshire Water Resources Board 
was created in 1935 to carry on comprehensive program of water conserva- 
tion. Board, consisting of 5 members, was organized as corporation and is 
empowered to issue bonds and collect fees for water used, with which to 
retire bonds. Tentative program, brief details of which are given, has been 
developed, involving construction of 6 dams.—R, E. Thompson. 


Pine View Dam Will Not Harm Ogden Artesian Water Supply. Eng. News- 
Rec., 115: 596, October 31, 1936. Investigation of artesian wells in Ogden 
Valley has been carried out by United States Geological Survey to determine 
effect of Pine View Dam on water supply of Ogden, Utah. When dam being 
a constructed by Bureau of Reclamation at short distance below head of valley 
Eres for irrigation purposes is completed, wells at Artesian Park will be from 30 
to 40 feet under water. Provision is made to pipe flow from wells through 

reservoir and dam to city. Survey indicated that filling of reservoir would 
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a, Institute of Civil Engineers of Denmark and Danish Cement Products Asso- 
ciation from tests made at Building Research Laboratory of Danish Royal 


240 p.p.m. half-bound carbon dioxide, pipe of 1:2 portland cement mortar 
with 8 to 10 percent water content suffered only erosion of interior surface 
to extent of 0.7 mm. in 33 years under head of 6.6 feet. Water curing insured 
tight molding, even in pipes made from driest mixes; but water curing is 
unnecessary when sufficient mixing water is used. Pipe of 1:1.5 cement 
_ mortar was no better than pipe of 1:2 mix. Thin coatings of tar, applied by 
dipping or cold painting, are rapidly destroyed by acid. Pipe of 1:5 mix 
_ dipped in hot viscous (heavy) tar or asphalt was, however, equal in acid 
eee to uncoated pipe of 1:2 mix. Since heavy coatings have tendency 
and dispense with coatings. Exposure of portland cement mortar bars to 
Be es carbonic, and hydrochloric acids in concentrations of 0.1 to 0.3 normal _ 
_ showed that it was immaterial whether first week’s curing took place in water, 
or in very damp air; and that mortar may lose 30 percent of its strength 


"Addition of soap to mixing water improves watertightness and increases acid 
"resistance slightly, but reduces strength as much as 33 percent. Water-— 
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exert pressure on artesian bed, thereby increasing pressure and discharge from 
wells. Because of high compression of soil, it is not considered probable that 
reservoir water will seep into artesian bed. Unless there should be heavy 
pumping in future from wells in recharge area, artesian supply will be adequate 
for at least present rate of consumption.—R. HE. Thompson. 


Underground Water Storage in California’s South Coastal Basin. Eng. 
News-Rec., 115: 733-8, November 28, 1935. Interesting discussion of exhaus- 
tive investigations on underground basins of South Coastal Basin (known 
generally as ‘Southern California’). Major basins are the 3 interior valleys 
and the coastal plain, but there are 37 more or less distinctly delimited basins, 
or sub-basins. For 58-year period of rainfall record, 4200 square miles em- 
braced in South Coastal Basin give safe yield of about 700,000 acre-feet, or 
about 170 acre-feet per square mile. About 5 acre-feet of underground storage 
space is required for each acre-foot of annual yield. Population of Basin 
at last census was 2,500,000, of which 2,200,000 centered in Los Angeles and 
satellite cities occupying western 40 percent of area. Total supplies to be 
available to basin when work under way is completed (Colorado Aqueduct, 
etc.) will be about 1,900,000 acre-feet. Large part of investigation was 
devoted to determining capacity of basins and supply to and demand on 
each. Evaluation of capacity was based on determinations of specific yield, 
i.e., drainable voids in valley fill between any 2 levels.—R. E. Thompson. 


Acid and Permeability Tests of Cement Pipe. Eng. News-Rec., 115: 875, 
December 26, 1935. General conclusions reached by joint committee of 


Technical College, as reported by E. 8. SupNnson in bulletin (B 15) of Ingenior- 
videnskabelige Skrifter. Using acid water containing from 35 to 535 p.p.m. 
free carbon dioxide, up to 135 p.p.m. aggressive carbon dioxide, and about 


to blister in time, it seems preferable and more economical to use richer mix 


when thoroughly permeated with water. Dipping in water glass improved 
watertightness of mortars without, however, increasing acid a. 
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tightness of pipe will apparently decrease at beginning of test owing to expul- 
sion of air from pores of pipe shell.—R. E. Thompson. 


Bills Brook Dam, Hartford. Eng. News-Rec., 115: 698, November 14, 1935, 
Contract was awarded in June by Metropolitan District of Hartford County 
for upper portion of project, supplementing stream control works and lower 
part of dam just completed under previous contract. Unit prices given.— 
R. E. Thompson. 


Colorado River Desilting at Imperial Dam. Eng. News-Rec., 115: 538-41, 
October 17, 1935. Details given of silt problem at Imperial diversion dam, 
built by Bureau of Reclamation to divert 15,000 second-feet of Colorado 
River water into All-American Canal, and of plant built for removing large 
part of load of silt, estimated at 60,000 tons per day, which would otherwise 
be carried into canal and entail yearly cost for removal of possibly more 
than $1,000,000. Desilting plant was designed on basis of maximum load of 
90,000 tons of silt coarser than 300-mesh, which, it is estimated, will be reduced 
to 20,000 tons. Maximum velocity in basins is 0.24 feet per second; detention 
period, 14 minutes; and depth, 12.5 feet, sloping to 14 feet at central draw-off 
wells of scraper mechanisms. There are 6 basins, 269 x 769 feet in area, each 
with rated capacity of 2000 second-feet, and provision has been made for 
2 additional basins. Deposited silt will be removed by 72 rotary scrapers, 
each 125 feet in diameter. Extensive model tests were made.—R. E. 
Thompson. 


Dissolved Solids Content of Colorado River Water Analyzed. Eng. News- 
Rec., 115: 567, October 24, 1936. Significant analytical data not yet pub- 
lished have been tabulated and made available for public inspection in office 
of United States Geological Survey. Weighed annual average content of 
dissolved mineral matter during period 1926-1934 varied from 491 to 960 p.p.m. 
Weighted average for period was 593 p.p.m. and it is expected that water 
from behind Boulder Dam will not vary as much as 100 p.p.m. from that 
figure.—R. E. Thompson. 


Man-Made Earthquakes. P. Utricn. Eng. News-Ree., 115: 
680-2, November 14, 1935. In 1931, United States Coast and Geodetic Survey 
undertook program of strong-motion seismological investigations in Cali- 
fornia. Machine designed by L. 8. Jacospsen and Jonn A. Buiume for setting 
up vibrations of various amplitudes and periods is described and results 
obtained to date outlined. Observations have been made so far on 2 dams, 
and on several buildings, bridges, and ground areas.—R. HE. Thompson. 


Montreal to Build New Intakes for St. Lawrence River Water. Eng. News- 
Ree., 115: 849-50, December 19, 1935. Present intake consists of 2 submerged 
lines, 6 feet in diameter and 1200 feet long, extending well out into main 
stream (St. Lawrence River), at Ville LaSalle, about 8 miles upstream from 
Montreal Harbor. These pipes, which have combined capacity of 80 m.g.d., 
as compared with ultirnate pumping station capacity of 300 m.g.d., discharge 
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through gatehouse at head of open aqueduct extending to St. Joseph Street 
pumping and filtration plant located near boundaries of Montreal and Verdun. 
In addition, there are 2 subsidiary pipes, 600 feet long, which draw shore 
water consisting largely of Ottawa River water (latter river flows into St. 
Lawrence several miles above intake), which is characterized by heavy silt 
content as distinct from clear water of St. Lawrence. Plans have been pre- 
pared and bids received on new intake to consist of six 7-foot reinforced 
eoncrete pipes extending 2200 feet into river, discharging into aqueduct short 
distance below upper end of channel. At outer end of each pipe there is to 
be intake manifold of 6 openings built at right angles to line of pipes and 
lying in direction of flow of river. These right-angle branches containing 
the manifold will be spaced at 72-foot centers. Contract has not been let 
owing to limited funds available.—R. E. Thompson. 


Fort Peck Dredges Designed for High Capacity on Long Pipe Lines. Eng. 
News-Rec., 115: 810-3, December 12, 1935. Details given of design of dredging 
plant for 100,000,000-cubie yard hydraulically-placed earthfill for Fort Peck 
Dam. Requirements were for plant for transporting materials distances of 
up to 17,000 feet, to elevations as high as 240 feet, on schedule of 3,000,000 
cubic yards per month. Pipe lines are 28 inches in diameter, much larger 
than is usual. Each of 4 dredging units consists of dredge with two 28-inch 
pumps set in tandem, each driven by 2500-h.p. electric motor, one floating 
booster plant with two 28-inch pumps, also set in tandem, and 1 land booster, 
mounted on railroad car trucks, with one 28-inch pump.—R. EF. Thompson. 


Aluminum Foil Substituted for Lead in Pipe Jointing. Eng. News-Rec., 
115:877, December 26, 1935. M.MErNGERINGHAUSEN reported in Gesundheits- 
Ingenieur, September 14, 1935, on investigation carried out by domestic 
engineering section of Verein Deutscher Ingenieure of substitutes for lead, 
owing to German Government’s action in forbidding use of lead in jointing 
cast iron drain pipes in connection with policy of reducing use of imported 
materials. Aluminum pipe joint now recommended by section is made of 
aluminum foil 0.002 to 0.004 inch thick, which is creased, crumpled, and 
calked into space between bell and spigot. Calking is as simple as with lead 
and to certain extent more convenient, owing to weight being only one- 
quarter that of lead. Instead of 20 mm. usual with lead, depth can be reduced 
to 10 mm., due principally to tensile strength being from 3 to 10 times higher. 
With good yarn packing, aluminum joints of this depth have been known 
to withstand pressures of about 150 pounds per square inch without leakage. 
Cost, for 2-inch to 6-inch pipe, is practically same as for lead, or possibly 
10 percent less. Molten aluminum cannot be used, owing to high melting 
point and high heat of fusion.—R. HE. Thompson. 


A New Pipe Jointing Compound That Ensures Immediate Tightness of 
Joints. Eng. Contract Record, 50: 18, January 8, 1936. Through Mellon 
Institute of Industrial Research, Pittsburgh, new product, termed ‘‘Tegul 
Mineralead,”’ has been developed. Four hundred feet of 8-inch pipe recently 
jointed with this material showed absolutely no initial leakage under pressure 
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dripped, in contrast to usual leakage from at least half joints had ordinary 
sulfur cements been used. Other installations gave similar results—R, B. 
Thompson. 


i of 115 pounds per square inch. On 2200 feet of 6-inch pipe, only 4 joints 


Details of Water Filtration Plants in Canada. Eng. Contract Record, 50: 
19-20, January 8, 1936. Complete list of plants is given compiled by A. E, 
Berry for Waterworks Information Exchange, Canadian Section, American 
Water Works Association. There are 125 plants serving population of approxi- 
mately 2,900,000.—R. E. Thompson. 


Boulder Dam: Past Construction and Work Yet To Be Done. Watker R. 
Youna. Eng. News-Rec., 115: 878-83, December 26, 1935. Major facts 
relating to construction and work uncompleted are reviewed and discussed. 
a Water was first stored back of dam on February 1, 1935, and sufficient water 
‘elie was in reservoir in July to supply all downstream irrigation demands for 
es - 12-month period. Spring run-off, reaching maximum discharge above 100,000 
ss gecond-feet, was reduced this season by gates of dam to less than 1500 second- 
= - feet and discharge could have been entirely stopped if necessary. There is 
; noticeable reduction in silt carried by river below dam. Lake is clear for 
: 75 miles upstream and river for more than 10 miles downstream. Work will 
be concluded about 2 years in advance of date originally specified —R. £. 
Thompson. 

hav 

The Old World’s Highest Dam Constructed in France. Eng. News-Rec., 
115: 876-7, December 26, 1935. From deepest foundation to crest, Chambon 
Dam, on Romanche River in southeastern France, is highest dam outside of 
United States, being 450 feet high at maximum cross-section. Details, from 
July and August 1935 issue of Travaux, are given. Structure, which is gravity 
section of cyclopean concrete, was built for hydro-electric development.— 
R. E. Thompson. 


Ozone for the Purification of Water. THropore Ricu. Eng. Contract 
a Record, 49: 1054, December 11, 1935. Ozone, discovered and named by 
eae ScHONBEIN in 1843, can be detected by its odor in dilution of 1:2,000,000 in 
air. As result of studies of P. Orro, commenced in 1898, installation for 
water purification was made at Nice in 1905. At present time there are 
about 75 installations in use in France, in addition to plants in Belgium, 
the Congo, Italy, and Roumania. In May, 1932, French Council of Public 
Health, scientific commission for study and control of water supply of Paris, 
decided to abandon use of chlorine and extend use of ozone for sterilizing 
water from Seine and Marne Rivers. Ozone plant at Marne pumping station 
had been in service for number of years prior to that date. (From Engineer- 
ing.)—R. E. Thompson. 


hed New Organization Established to Correlate Hydraulic Research. H®rrBERT 
_ N. Eaton. Eng. News-Rec., 115: 855-6, December 19, 1935. Brief details 
given of the organization, objectives, qualifications for membership, etc., 
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of the International Association for Research on Hydraulic Structures, which | 
was founded at Brussels in September 1935. Further information will be — 
given in National Bureau of Standards Hydraulic Laboratory Bulletin, — 
Series A, No. IV-1, to be issued in January, 1936.—R. E. Thompson. a2 
at 
Rocker and Suspender Supports for Large Water Pipes at Tacoma. Eng. © 
News-Rec., 115: 816, December 12, 1935. Brief details given of methods ~ 
used in Tacoma, Washington, for providing for expansion and contraction | 
in steel pipes subjected to considerable range of temperature at exposed — 
locations, such as stream crossings. Methods are: (1) suspender bars that — 
sling pipe beneath overhead bridge, and (2) rocker arms that transmit load to — 
concrete piers, between which pipe is self-supporting.—R. EZ. Thompson. _ 
Wellpoint Installation Solves Water Problem in Excavation for Toronto Water | 
Works Pumping Station. Eng. Contract Record, 49: 899-902, October 16, _ 
1935. Moretrench system of 102 well points connected to header leading to — 
pump discharging into lake lowered ground water level sufficiently to enable | 
excavation and placing of foundation concrete to be carried out in the dry. 
Samples of water discharged showed it to be free of sediment. Pumping 
station, consisting of 4 parts, intake and screen section, low lift pump section, | 
high lift pump section, and administration and control section, is part of — 
Victoria Park plant now nearing completion.—R. E. Thompson. aS 
F 
Electrical Plumb-Bob for Recording Water Depths. Eng. Contract Record, | 
49: 1053-4, December 11, 1935. Brief illustrated description of Evershed © 
automatic plumb-bob level indicator for boreholes (Marchment-Needham _ 
patents) installed at Pann Mill pumping station, England. Device consists — 
of electrical element, which automatically stops at water level, suspended — 
by cable wound on motor-driven drum. Length of cable paid out is indi- — 
cated and recorded, with reference to standard datum, on switchboard panel. | 
—R. E. Thompson. 
Detachable and Forged Drill Bits Compared by TVA. Eng. News-Rec., — 
115: 884-7, December 26, 1935. Tests covering complete quarry operations 
for 5 months indicate that for large quarry practice, under conditions obtain- 
ing at Norris Dam, detachable bits are cheaper than forged, largely because __ 
their harder and sharper cutting edges result in faster drilling, and because 
of saving in steel-handling costs. Data extracted from report by A.J. ACKER- > 
MAN are given.—R. E. Thompson. 7 


Experience in Three Mines Favors Detachable Drill Bits. Eng. News-Rec., 
115: 887-8, December 26, 1935. Three mines in widely separated locations _ 
have reported results of thorough trials with removable bits, by use of which 
all 3 show substantial savings. Data from reports given.—R. E. Thompson. 


Constricted Channel Causes High Flood after Record Rainfall at Houston. 
Eng. News-Rec., 115: 900, December 26, 1935. Maximum flood of roughly 
55,000 second-feet poured down Buffalo Bayou through Houston, Texas, 
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December 8 and 9, reaching stages 7 feet higher than in 1929, which was con. 

sidered maximum up to that time. Much damage was done and meang of 
preventing recurrence are being studied. Rainfall ranged from 6 inches jn 
city to 20.8 inches near center of the 406-square mile watershed, within 42-hour 
period. Average runoff intensity at peak was roughly 135 second-feet per 
square mile.—R, EH. Thompson. 


Water Supply System for the Town of Hedley, B.C. W. R. Bonnycasrug, 
Eng. Contract Record, 50: 17-8, January 8, 1936. New supply system of 
_ Hedley consists of concrete dam, 85 feet long, on Twenty Mile Creek and 3.5. 
_ mile wood-stave pipe line to town and 2 mills. For 10,800 feet, line is 19 
inches in diameter, branching then into 6- and 8-inch lines. Maximum head 
is 600 feet. Boiler was provided in small house over intake chamber to 
prevent freezing in chamber and pipe line during extremely cold weather 
(30° or more below zero).—R. E. Thompson. 
Long Wood Stave Pipe Line Supplies Water to the Town of La Tuque. Eng. 
Contract Record, 50: 15-7, January 8, 1936. Brief illustrated description of 
recently completed 44-inch continuous stave wood pipe line for conveying 
water from Lake Wayagamac River 7.5 miles to La Tuque, Quebec, town of 
7,200 population. Cost of project was $300,000. Staves are of well-seasoned, 
No. 3 Douglas fir with twin-tongue interlocking butt joints which remain 
leak- and frost-proof during life of pipe. Finished thickness is 1} inches, 
After milling, staves were creosoted by empty cell vacuum process so as to 
absorb at least 8 pounds creosote per cubic foot of wood. Gravity head on 
line, which is said to be longest high-pressure line of its size in Canada, is 250 
feet. Construction was accomplished in record time of 2.5 months’ working 
time.—R. E. Thompson. 


& 


Suggestions for Preventing Algal Growths in Water Supply Reservoirs. 
Eng. Contract Record, 50: 21, January 8, 1936. In connection with con- 
struction of 3 new reservoirs for London, England, following recommenda- 
tions for prevention of excessive algal growths were submitted to engineering 
department of Metropolitan Water Board: (1) Area per unit volume should 
be as small as possible, within limits imposed by engineering practice. 
(2) Baffle or dividing walls should be omitted and dead areas avoided. (8) 
Where necessary, alternative inlets should be provided to promote circula- 
tion. (4) Orientation should be such that long axes are up and down wind, 
with view to promoting wave action over entire area, which is prejudicial to 
algal development. (5) Bottoms should be smooth, with sufficient thickness 
of gravel, and sides should have as steep a pitch as possible, and should be 
constructed of smooth concrete slabs without interstices, thereby providing 
surface which may be easily cleansed, and eliminating cavities in which algae 
may lodge and multiply. (6) Provision should be made for drawing water 
at different levels. (7) Facilities should be made for bypassing water when 
necessary.—R. E. Thompson. 
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Aberdeen Abandons Wells for Treated Surface Water. W. W. Marrapws. 
Eng. News-Rec., 115: 361-5, September 12, 1935. Illustrated deseription of 
new supply of Aberdeen, 8. D., which replaces receding hard-water well 
supply which had been used for 50 years, Soap savings are estimated at 
125,000; more than fixed charges on entire investment. It is, believed that 
growth of city has been retarded during last 2 decades by hardness and inade- 
quateness of water supply. Most suitable reservoir site was found on Willow 
Creek, 20 miles northwest of Aberdeen, where it discharges into Elm, River; 
water can be released into latter as needed, using river channel as conduit, 
obviating necessity of long pipe line. Project includes 2 diversion, dams on 
Elm River, 7.5 miles from city, to impound 230 million gallons; 4-m.g.d. 
softening and filter plant; 7.5 miles of 20-inch foree main from plant to city; 
and 500,000-gallon elevated tank to supplement low service storage of 1,250,000 
gallons in city. Willow Creek Dam, which forms 1400-million gallon reservoir, 
is earth structure, 1000 feet in length. The 2 diversion dams of Elm River 
are of concrete, one located 1.5 miles downstream from plant, the other, 
3 miles upstream. Both dams, 7 and 8 feet high, respectively, above footings, 
are of ogee type with crests of 100 feet, and are surmounted with 4-foot flash- 
boards. Respective storage capacities to top of flashboards are 60: and: 170 
million gallons. Purification plant consists of rapid mixing basins, floceu- 
lators, settling basins, carbonation basin, 4 rapid sand filters, and chlorine 
and ammonia machines. Lime is added in first mixing basin and, after 30 
minutes retention in flocculator and 2 hours in settling basin, water is recar- 
bonated and passed to second mixing basin, where alum and activated carbon 
are applied, and then through second flocculator and settling basin. Chemical 
dosages employed at present time are: lime, 12 grains per gallon, alum 0.5 
grain, activated carbon 2 p.p.m., chlorine 5 pounds per million gallons... Soda 
ash can be applied when desired; but at present non-carbonate hardness is 
negligible. The 20-inch cast iron pipe line was laid in 18-foot lengths with 
joints of Leadite and braided hemp. Leakage 6 months after placing in 
service was only 404 gallons per 24 hours at 55 pounds pressure, or less than 
3 gallons per inch-mile per day. Cost of project, which was built under PWA 
regulations, was $570,000, exclusive of real estate, engineering, and legal 
expenses.—R. E. Thompson. 


The Function of Chlorine and Ammonia in Water Treatment. ATMORE 
Grirrin. Eng. Contract Record, 49: 785-7, 1935. General discussion. Im- 
= portance of thorough mixing is demonstrated by the fact that when equal 
amounts of chlorine are added to 2 samples of same water containing ammonia 
and one is mixed gently, the other vigorously, latter will have higher residual 
ehlorine content.—R. E. Thompson (Courtesy Chem. Abst.). 


Groundwater Relieves Drought Emergency. G. H. Taytor and R. M. 
_ Leagerte. Eng. News-Rec., 115: 359-61, September 12, 1935. All unappro- 
_ ~priated surface water having been exhausted and low precipitation having 
interfered with water secured from irrigators in Jordan Valley in exchange 
= for Utah Lake water, for which city had established rights, but which is 
unsuitable for domestic use, ground water supply for Salt Lake City was 
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developed just in time to prevent shortage. In cooperation with Geological 
Survey, investigation of ground waters of Jordan Valley had been begun 
in 1931. When project recommended as result of this study was completed, 
it was found that of 17 wells drilled, 14 were producing yield of 29.7 m.g.d, 
Total cost was about $250,000, or less than $8,500 per m.g.d. Cost of com- 
pleted wells alone, ready for pump installation and including non-producers, 
averaged about $5,030 per m.g.d. Wells will probably be used only when 
surface supplies are inadequate or during heavy demand periods. Observa- 
tion wells have been established to determine effect of new ground water 
developments on levels and pressures.—R. E. Thompson. 

_ Automatic Control of Water Works Pumping Plants. Eng. Contract Record, 
49: 727-8, August 21, 1935. Brief illustrated description of control equipment 
installed by South Staffordshire Waterworks Company, England, to enable 
Kinver pumping station, which is normally operated automatically by water 
level in reservoir, to be controlled from Prestwood pumping station, 5 miles 
distant.—R. E. Thompson. 


Effect of Blowing Down on Ties. C. D. Turtgey, G. M. Corne E. 
Grime and R. N. Foster. Railway Engineering and Maintenance, 32: 9, 
550-551, 1936. Chemicals in boiler water blown out on roadbed from loco- 
motives do not damage either ties, or track structure, where proper track 
drainage is provided.—R. C. Bardwell (Courtesy Chem. Abst.). 


Starting Pumps on Long Lines. E. M. Grime. Railway Engineering and 
Maintenance, 32: 9, 553, 1936. When plunger type, or positive acting, pumps 
are operated on long pipe lines, by-pass lines should be used when starting up, 
so as to cause a gradually increasing flow until normal working pressure 
and velocity have been attained, in order to prevent damage to pipe joints. 
Centrifugal pumps are recommended for such service.—R. C. Bardwell. 


Indicators. I. M. Kouruorr. Ind. Eng. Chem., Anal. Ed., 8: 4, 237-9, 
1936. Brief survey of acid-base, oxidation-reduction, adsorption, and specific 
indicators; with suggestions for studies leading to desirable developments.— 
Selma Gottlieb. 


Determination of Iron in Humates. NorMAN ASHWELL CLARK and DALE 
H. S1e.tina. Ind. Eng. Chem., Anal. Ed., 8:4, 256-7, 1936. ‘‘Ferron,’’ 7-iodo- 
8-hydroxyquinoline-5-sulfonic acid, suggested by Yor, gives green color with 
ferric iron, permanent in pH range 2.7 to 3.2. Few substances interfere. 
Permanent standards can be made for test. Ferrous iron does not react with 
reagent.—Selma Gottlieb. 


Measuring the Thickness of Thin, Flowing Liquid Films. Herserr H. 
Beck and K. G. Wecket. Ind. Eng. Chem., Anal. Ed., 8: 4, 258-9, 1936. 
By determining change in point of reflection of projected light beam, thickness 
of thin, flowing liquid film can be measured. Method is suitable for study of 
milk being irradiated, to detect variations in film thickness, such as those 
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_ Funk and F. K. Linpsay, Ind. Eng. Chem., 28: 8, 947-8, 1936. Using a 


: of the material, at rate of 0.4 gallon per minute before fluoride content of 
effluent reaches 1 p.p.m. Chemical regeneration is possible, but not feasible 

- for household units developed; alumina in these should be replaced after 
exhaustion. Eight percent sodium hydroxide, or sodium aluminate con- 
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caused by changes in velocity, within successive short intervals.-—-Selma 
Gottlieb. 


Determining the Resistance of Portland Cement to Sulfate Waters. R. W. 
SrenzEL. Ind. Eng. Chem., Anal. Ed., 8: 4, 263-6, 1936. An accelerated 
test. Slabs prepared by standard method are immersed in 10 percent sodium 
sulfate solution after seven days aging, and warping determined by difference 
in spherometer readings after seven and twenty-one days immersion. This 
work was done in connection with construction of Colorado River Aqueduct 
by Metropolitan Water District of Southern California, where specifications 
for cement were designed to give maximum resistance against sulfate waters. 
—Selma Gottlieb. 


Effect of Impurities on Corrosion Resistance of Solder. Cuirrorp L. 
BaRBER. Ind. Eng. Chem., 28: 5, 530-3, 1936. Antimony, copper, and zine 
decrease corrosion resistance of tin alloys, and should be excluded from 
solder.—Selma Gottlieb. 


Permeability of Paint Films to Moisture. Junrus D. Epwarps and RoBEertT 
I. Wray. Ind. Eng. Chem., 28: 5, 549-53, 1936. Below about 80 percent 
humidity at 80°F., moisture permeability is closely proportional to water 
vapor concentration at moist surface; but above this humidity, penetration 
of film increases more rapidly. Between 60° and 90°F., temperature coefficient 
of moisture impedance is low, moisture content of air being held constant. 
On aging, or exposure to air, moisture impedance shows little change during 
initial period, but eventually increases sharply. Soon after, film shows slow, 
or rapid, decrease in moisture impedance, which reaches very low value at 
failure of paint film.—Selma Gottlieb. > 2 
4 
A Little of the Perspective of Acid-Base and Oxidation-Reduction Equilibria. 
W. MansFIetp CLARK. Ind. Eng. Chem., 28: 5, 620-4. 1936. Nichols Medal 
address. A review—Selma Gottlieb. 


Sulfite Waste Liquor. H. K. Benson and A. M. Partransxy. Ind. Eng. 
Chem., 28: 6, 738-40, 1936. Sugars in sulfite waste liquors can be destroyed 
by anaérobic fermentation, B. O. D. being reduced about 80 percent. Residue 
contains chiefly lignin. When sufficiently diluted, all organic matter of 
sulfite waste liquor is oxidized biochemically, providing solution of sulfite 
waste liquor problem.—Selma Gottlieb. 


Activated Alumina for Removing Fluorides from Drinking Water. G. J. 


_ of fluoride can be passed through a 6-inch layer containing about 9{ pounds 
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taining 8 percent total sodium hydroxide, gives complete regeneration. Eff. 
ciency and capacity of material depend on pH of water treated, lower pH in 
potable range being best. Treatment with lime, or with metallic magnesium, 
is much less effective in fluoride removal than treatment with alumina.— 
Selma Gottlieb. 


Tetrahydroxyquinone. Anon. Ind. Eng. Chem., News Ed., 14: 9, 178, 
1936. W. H. & L. D. Betz Laboratories, 235 West Wyoming Ave., Phila- 
delphia, Pa., can supply tetrahydroxyquinone indicator for direct titration 
of sulfate. Method is suggested by American Society for Testing Materials 
as control for determination of sulfate in boiler waters. Two-tenths gram 
of indicator is required for each test.—Selma Gottlieb. 


Precautions in Handling and Using Liquid Chlorine. C. H. S. Tupnoume. 
Ind. Ang. Chem., News Ed., 14: 11, 217, 1936. From discussion by F. Ho tz, 
before Chemical Engineering Group in London. First requisites for safety 
are container of adequate strength, prevention of overfilling, and detailed 
record of history of container. In withdrawing chlorine, precautions should 
‘ be taken to avoid drawing liquid from absorption vessel into exhausted con- 
tainer. All equipment used in handling, storing, and transporting liquid 
chlorine should be adequately serviced and tested periodically. Respirators 
should be available in case of chlorine leaks, and personnel should be trained 
in their use.—Selma Gottlieb. want” 

Daniel Dana Jackson. Arruur W. Hixson. Ind. Eng. Chem., News Ed., 
14: 13, 266-7, 1936. Biographical sketch and appreciated of the noted sani- 
tarian, chemical engineer, and teacher. JACKSON was first to use copper 
sulfate as algicide in water supply, installed chlorine treatment for water 
supplies of New York and other large cities, invented JaAcKson turbidimeter, 
campaigned vigorously to arouse country to importance of various sanitary 
problems, initiated numerous improvements in water and sewage treatment, 
and aided in commercial development of zeolite process in America.—Selma 
Gottlieb. 


Products Recovered from Sea Water. Anon. Ind. Eng. Chem., News Ed., 
14: 15, 304, 1936. In 2} years of operation, bromine plant of Ethyl-Dow 
Chemical Co., near Wilmington, N. C., has recovered over 10,000 tons of 
bromine from 154,293,000 tons of sea water pumped. Potential values of 
certain other constituents of sea water are calculated. Belinea Gottlieb. — 


Vom Wasser; Ein Jahrbuch fiir Wasserchemie und Wasserreinigungstech- 
nik, X Band: 1935. 330 pp. Verlag Chemie, G. M. B. H., Berlin. W. 35. 
Purification and Utilisation of Waste Waters. H. Sroor. 7-12. Outlines 
treatment of sewage and trade effluents by septic tanks, irrigation, trickling 
filters, activated sludge, electrical methods, and chlorination; also utilisa- 
tion for agriculture and recovery of fats. Separation and Utilisation of 
Residues from F. Mreper and K. 13-32. Screen- 
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ings make good fertiliser; digested sludge is more suitable and dries more 
easily than settled sludge. Air-dried sludge has high water content; com- 
plete dewatering by heat is impracticable and chemical treatment is costly. 
Wet sludge when mixed with peat by ‘‘Biohum’’ process yields good and 
cheap fertiliser. Leipzig system of clean sand recovery from sand traps is 
described and illustrated. Fishery Interests. R.Czmensny. 33-36. Out- 
lines value of lakes as fisheries. Discharge of pollution therein must be 
accompanied with efficient mixing with lake water and in deep lakes forma- 
tion of layer of heavy waste must be avoided. ‘Treatment of phenolic and 
tarry effluents is discussed. Haff Disease and Resin Acids of Pine Wood. 
Empe. 37-44. Illness caused by eating poisoned fish from Frisches Haff 
at first attributed to arsenic, later to resin acids of pine wood discharged 
from factories. This factor also disproved, poison may be due to secondary 
biochemical reactions during warm weather. There have been 13 deaths in 
ten years. Treatment of Sulphite Effluents in Kénigsberg. F. Hurpet- 
BRINK. 45-59. Describes purification of cellulose-sulphite effluents by filtra- 
tion through ground filters whereby pollution of the Haff by high sulphur 
content is much reduced. The Permanganate Figure in the Evaluation of 
Cellulose Factory Effluents. H. Havupr. 60-77. Determination of per- 
manganate figure alone is insufficient; for organic substances present in 
sulphite liquors have very high permanganate value. In laboratory, bio- 
logical decomposition of domestic sewage is 60 percent in a month; of sulphite 
effluent, only 20 percent. Sulphite effluents show greater resistance to 
decomposition by micro-organisms than does domestic sewage. Production 
of Unobjectionable Water from Polluted River Water. A. SpLirTGeRBER and 
W. DemMMERING. 78-98. Owing to increased river pollution, textile works 
have installed general water purification plant. Water is flocculated with 
alum and lime, allowed to settle, and then filtered; manganese, iron and 
hardness being thereby suitably reduced, and color removed. Removal of 
Turbidity and Color by Precipitation. E. Link and W. GAaNDENBERGER. 
99-112. Experiments on treatment of water with aluminum sulfate and dalile 
chloride, with additions of clay, fullers’ earth, and powdered carbon, are | % 
described and illustrated by curves. With river water ferric chloride gave ~ Ben 
better floc and settling than aluminum sulfate; but with lake water, difference —__ 
was small. Ferric chloride is expensive and corrosive and penetrates filters; 
it was therefore discarded. Clear water necessitated large doses of alu-— 
minum sulfate; but addition of fine clay halved dose for lake water, and 
fullers’ earth gave similar results; with both, however, earthy taste ensues 
when much is used. Aeration at inlet of settling tank hastened settling, 
increased filter runs, and removed odors. Chemical Purification of Sewage — 
in America. Imuorr. 113-126. Chemical treatment of sewage in America bs 
dates from 1889; at present, some 50 plants are using chemical coagulants. _ 
With chemical treatment, degree of purification is variable at will; extreme 
of purification need only be given when necessary, at certain seasons. Con-— 
tinuous sludge removal settling tanks and suction filters for sludge dewatering 
are highly developed in America and are suitable for chemical treatment. _ 
Plants at Coney Island, Wards Island, Dearborn, Shades Valley, ete. are — 
mentioned and more extended use of chemical coagulation in Germany - 
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advocated. Chemical Precipitation. H. Bacu. 127-128. Aim of sewage 
purification is elimination of foreign matter. Addition of chemicals increages 
sludge, adds soluble matter to effluent, and fails to remove dissolved alby- 
minoids. Fine suspended matter can be satisfactorily removed by mechanical 
filtration. In the Laughlin process a magnetite filter is used. Chemical 
treatment of sewage is not a substitute for biological treatment. Pre- 
vention of Corrosion Damage by industrial Effluents. H. Sroor. 129-14). 
Deals with corrosive action of industrial effluents, which may contain acids, 
bases, salts, gases, and organic corrosive agents, upon iron, lead, copper, 
aluminium, concrete, asbestos-cement, and ebonite. Bibliography of last ten 
years, comprising 77 references, is given. Corrosion of Metallic Materials 
in Waterworks. G. WirGanp. 142-154. Describes experiences of Berlin 
Municipal Waterworks with waters containing carbon dioxide, oxygen, and 
hydrogen sulphide; first two are mainly responsible for corrosion of metals 
used in filter fittings, while last is chief agent in corrosion caused by ground 
waters. Corrosion of copper by hydrogen sulphide may be prevented by 
bitumen paint; aluminum, which is resistant to hydrogen sulphide, is prefer- 
able; further experiments with chrome steel and chrome molybdenum steel 
arere quired. In under-drainage system of Bollman filters, which is described, 
phosphor bronze tubes are advocated rather than copper or brass. Corrosion 
of manganese-eliminating filter is also dealt with, and also corrosion by 
stray electric currents; deposits produced by corrosion reduce capacity of 
pipes and’ may affect accuracy of meters. Bitumen is preferable to asphalt 
for pipe protection because it is less brittle. Preparation of Drinking Water, 
with View to Conserve Materials and Indigeneous Products. L. W. Haasz. 
155-172. Serious losses due to disease and corrosion result annually from 
non-treatment, or unsuitable treatment, of water supplies. National wealth 
can be conserved and new indigenous raw materials employed by suitable 
treatment of waters. Structure of Cast Iron in Relation to the Corrosion 
Problem. E. Piwowarsky. 173-185. Discusses properties of cast iron; 
crystalline structure; graphitic content and form; influence of silicon, phos- 
phorus, manganese, and sulphur; density; and protective coatings. Bibliog- 
raphy of 44 references is given. Corrosion and Formation of Protective 
Layers in Cold Water Supply Systems of Cast Iron. L. W. Haase. 186-196. 
Natural protective layer of calcium carbonate and rust is formed under 
favorable conditions of alkalinity, oxygen content, and depolarisation 
velocity. Oxidation is influenced by hydrogen ion concentration and by 
hardness salts and chlorides present. Plant scale experiments show that it 
is practically impossible to treat water so that it is suitable for all pipe ma- 
terials. Corrosion of Tinned Copper Screen on a Well Filter by Water Con- 
taining Hydrogen Sulphide. G. Nacnricatt and H. Scuréper. 197-200. 
Photographs and analyses are given of screen corroded by hydrogen sulphide 
after 4 years use. Analytical figures for water are given with hydrogen 
sulphide ‘‘a trace.”’ Investigations on the Treatment of Water by the Magno 
Process. E. Naumann. 201-203. Water is deacidified by percolation 
through filter containing ‘‘magno-mass,’’ which is partially calcined and 
granulated dolomite, containing calcium and magnesium carbonates and mag- 
ital results for four waters are given, using filtra- 
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tion rates of from 3 to 20 meters per hour. Process is suitable for all soft 
waters and is unaffected by carbon dioxide content, iron, manganese, and 
organic matter; it removes acidity, iron, and manganese. The Concentra- 
tion of ‘Heavy Water” in Boilers. R. Srumprer. 207-208. Investigation of 
water in boiler after operation for 5146 hours, producing 123,500 tons of 
steam, showed that there was no increase in concentration of ‘‘heavy water,” 
as indicated by specific gravity determinations. Pre-Heaters and Gas 
Removal Appliances for Treatment of Boiler Feed Water. G. Ammer. 209-233. 
Description, with 19 illustrations, of plants for removal from feed water of 
gas alone and for gas removal combined with softening; also of methods for 
preventing access of air to de-gassed feed water. Bibliography is appended. 
Water-Softening with Barium Salts. E. Snys. 233-264. Softening experi- 
ments were conducted with barium hydroxide and with barium carbonate at 
30°C. and 90°C., with and without addition of carbon dioxide, and followed, 
in some experiments, by addition of lime and zeolite treatment. Water 
used contained 16 degrees (German) of calcium sulphate hardness and approxi- 
mately the same (13 degrees, German) of carbonate and magnesium hardness. 
Using barium hydroxide at 38°C., content of salts was reduced by from 33 to 
44 per cent; residual hardness was between 4 and 5 degrees (German), so 
that additional softening with phosphate or with zeolite was necessary. 
Owing to high price of barium hydroxide this process was considered im- 
practicable. Using barium carbonate at 38°C., in presence of sufficient carbon 
dioxide to form bicarbonate, reaction with calcium sulphate is practically 
quantitative, excess of barium carbonate being unnecessary. Subsequent 
softening with lime precipitated carbonate hardness, residual 2 or 3 degrees 
being removed by phosphate or zeolite. New process is proposed in which 
water, after treatment with barium carbonate, is passed through hydrogen, 
or acid, zeolite, water and carbon dioxide being formed. Experiments at 90°C. 
gave similar results to those at 38°C. Calculation of Amounts of Chemicals 
Necessary for Water Softening by the Lime-Soda Process Followed by Phos- 
phate Treatment. L. Suran. 265-289. A physico-chemical discussion on 
HUNDESHAGEN’S formulae for calculating amounts of chemicals required for 
water softening, giving supplementary formulae for lime-soda treatment with 
and without subsequent phosphate treatment. Calcium Hydroxide Treat- 
ment of Cooling Water for Surface Condensers. G. Ammer. 290-305. De- 
scribes two plants for removal of carbonate hardness from condenser water 
by lime treatment. This is specially suitable for water with high calcium 
bicarbonate content and low pH value, particularly if presence of solid matter 
makes filtration necessary. New Books, etc. Nineteen recent additions 


to the literature, chiefly German, are reviewed at some length.—W. G. Carey. 


Fifteenth Annual Report of Ohio Conference on Water Purification, Cleveland, 
October 3-4, 1935. 58 pp. (1936). Low Lake Levels and the Avon Lake Vil 


lage Water Supply. J.C. Brirron. 12. The 24-inch cast iron intake, about b 


40 years old, has high point 200-300 feet from shore. Owing to low lake 


levels, pumps lost suction on 4 days in December, 1934. Lowering of high — 


point in line would have been expensive and could not have been completed 


in time to relieve situation. By carrying intake line below lake level in — 
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receiving well and maintaining vacuum of 2 inches on suction line to exhayst 
bin no difficulty was experienced when lake level reached lowest. point 
» January. Low Lake Levels and the Sandusky Water Supply. 0, f, 
ScHoEPFLE. 12. Intake, of 42-inch cast iron pipe, terminates in vertical 
_ cylindrical concrete shaft about 1800 feet from purification plant in about 
8 feet of water. Elevation of ports is 5.42 feet below mean water level. of 
Lake Erie. In January, high wind lowered level of Sandusky Bay to! —5,65 
and, for period of about 3 hours, plant was without raw water. Supply to 
_ city was not interrupted, pure water storage being ample to meet emergency, 
Gate, equipped with chains and hinges, has been cut in intake line near crib, 
at elevation of —6.94, which will permit drawing water from point 1.52 feet 
lower than bottom of crib ports during such emergencies. Dredging the 
Barberton Reservoir. A. D. Barberton Reservoir. covers 
area of 200 acres, part of which is shallow and of swampy nature. Minimum 
depth is being increased to 10 feet by dredging at cost of 14 cents per cubie 
yard, It is expected to remove about 300,000 cubic yards of muck during 
next 6 years. Dredged material is being used for fill, preparatory to planting 
pine trees. Dredge, which is described, was built at cost of 111,500. Work 
will greatly increase capacity of reservoir and will, it is hoped, materially 
reduce algae difficulties. | Corrosion Difficulties and the Remedy at Findlay, 
Ohio. A. V. Foutz. 14. Well supply of Findlay is softened, part by base 
exchange and part with lime-soda, effluents being mixed to give final hardness 
of about 85 p.p.m. Corrosion has been reduced (but not entirely eliminated) 
by adjusting final pH to 8.9 and maintaining carbonate hardness above 30 
p.p.m. Description of Automatic Devices at the Filter Plant at Huron, 
A. V. Aicner. 14-5. Filter plant consists of dry-feed machine, coagulation 
basin, one new 0.6-m.g.d. and two older 0.375-m.g.d. filters, and chlorination 
equipment. Operation is entirely automatic, except for washing of filters, 
Equipment described briefly. Slag as a Filter Medium. L. W. Rapmay, 
15. Slag used in experiments was residue from combustion of pulverized 
coal under boilers. As molten slag runs into pit, it is cooled by high-pressure 
stream of water which disintegrates it into fine particles. Analysis showed 
specific gravity 2.67, effective size 0.62 mm., and uniformity coefficient 2.6. 
After 6 months’ operation of filter containing 26 inches of this slag, cracks, 
mud balls, and mud accumulations appeared. This condition has been some- 
what improved by hosing surface during washing and filter is now giving 
longer runs than sand filters. It is believed that, with effective size of 04 
mm. and uniformity coefficient of 1.6, together with higher rate of wash, or 
auxiliary surface wash, slag would be fair filter medium. Results Obtained 
with Low Coagulant Application at Cleveland. W. C. Lawrence. 15-6. 
During past summer, turbidity averaged 1 to 2 p.p.m. Although experience 
has shown that minimum dosage of alum required to form floc is 0.6 grain per 
gallon, dosage was reduced to 0.4, 0.2, and finally, for period of 62 hours, to 
zero. Treatment was then resumed at 0.4, later increased to 0.8. Results 
were as follows:—(1) filter run average increased from 45 to 91 hours; maxi- 
mum from 56 to 229 hours; (2) clarity of filtered water remained unchanged; 
(3) pH of filtered water increased from 7.4 to 8.1; (4) no increase occurred in 
B. coli content of filtered water; and (5) operating costs were reduced through 
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saving in coagulant and in wash water. Difficulties encountered were as 
follows:—(1) bacteria growing at 20° and 37° increased; and (2) organic tastes 
and odors developed in filtered water. Further experiments are being made 
to determine whether difficulties can be eliminated. Results so far indicate :— 
(1) development of tastes and odors can be prevented by filtering to waste 
for 30 minutes before filter is placed in service, or, if filter has to be out of 
service, it should be drained and, when again being placed in service, filled 
and rewashed thoroughly and (2) activated carbon, 0.1 to 0.2 p.p.m., applied 
to filter, is also effective in preventing tastes and odors. Problem of the 
Private Well. 16. Question was raised regarding extent to which justifica- 
tion exists for condemning well supplies showing positive presumptive B. coli 
tests, when supply has been used for years without apparent harm. It is 
generally recognized that some people using contaminated drinking water 
develop immunity. Instance is quoted of typhoid epidemic which originated 
from well long thought harmless, with ill effect to owner’s family. A Review 
of Water Purification and Water Softening Literature for the Year 1935. Crar- 
ENCE BAHLMAN, 17-21. Brief review and discussion of more important 
papers of year. Licensing of Water Works Employees. Lewis V. Car- 
PENTER. 22-7. Discussion of advantages of licensing, based upon summary 
of opinions of American Water Works Association Committee on Licensing 
and information obtained by correspondence with operators in various sec- 
tions of country. Licensing is practised in Michigan, New Jersey, West 
Virginia, Ohio, and Texas, Ohio operating under Registration Law for Pro- 
fessional Engineers and in Texas licenses (voluntary) being issued by Texas 
Division of Southwest Section of American Water Works Association. Ala- 
bama, California, Kansas, Kentucky, Maryland, and Wisconsin have laws 
which would probably allow licensing. Conference went. on record as favoring 
licensing of water works employees. A Comparison of the B. Coli Results 
at Ohio Filtration Plants in 1934. Txos. R. Larnrop. 28-30. Tabulations 
of B. coli indices of raw waters, unchlorinated filter effiuents, and disinfected 
plant effiuents of 33 plants are given and discussed briefly. Presentation of 
similar data at previous conferences stimulated operators to improve rating 


of their plants and employ technique which permits inclusion of results in 
tabulation. | Mixing Chamber Practice. Puitip Bureuss. 31-5. Salient 


features of devices used for conditioning water for coagulation are discussed 
and several typical installations are described to illustrate trend in modern 
design. Experience has indicated that velocity of flow in conditioning units 
should be not less than 0.3, or more than 1.0, foot per second and detention 
period not less than 20 and usually between 20 and 40 minutes. In cases 


where very gentle agitation is required, e.g., soft, highly colored = 


period of detention should be proportionately extended to from 1.0 to 1.5 
hours. Flexibility in regard to velocity and period of mixing is —, 
In discussion, C. P. Hoover questioned necessity of so-called flash or énceal 
mix prior to conditioning. The Cross-Connection Problem. J. W. Extms. 
36-9. General discussion of direct and indirect cross-connections. Scie 
presentation of paper, control activities in Toledo, Akron, and Marion were 


outlined. In latter city, some private consumers have pumped well supplies. : 
When repairs to private system are necessary, city supply is used and, in 
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some cases, when repairs are completed, well water is pumped back through 
meters into mains so that water used will not have to be paid for. Remedy 
in such cases is disconnection. Comparative Effects of Ultra-Violet Light 
Intensities on Chlorine and Chloramine in Water. E. B. BucHanan and 
J. K. Dopex. 4072. It is well known that residual chlorine disappears 
more rapidly in bodies of water, e.g., swimming pools, when exposed to dit>et 
sunlight. In investigation of this phenomenon, experiments carried out under 
carefully controlled conditions, using arc lamp as source of rays, showed 
that residual chlorine in distilled water dropped markedly when exposed to 
ultra-violet light. Acidity of water increased in proportion to reduction in 
free chlorine. Chloramine solutions behaved similarly. Effect was most 
pronounced with wave lengths between 2500 and 3000 Angstrom units, 
Fundamentals of the Microscope and Its Application. H. 8. Boorn. 492, 
Lecture, only brief abstract being given. Applications in analytical work 
were discussed. Algae and Their Enumeration. W. C. Purpy. 43-7, 
General discussion of algal problems, with particular reference to advantages 
of cubic standard unit for expressing concentration of organisms. Mere 
enumeration of algae is likened to timber survey in which number only of 
trees in area was taken into account without reference to type and size. Use 
of cubic unit permits conversion to parts per million by volume. As one 
cubie unit (20-micron cube) contains 8000 cubic microns, there are 125,000,000 
number of cubic standard units per ce. 
125 

=p.p.m.by volume. From experiments cited in Wu1PPLE’s book, Asterionella 
content of 10 p.p.m., i.e., 10,000 standard units or 1,250 cubic standard units 
per cc., would probably be very near danger point so far as odor production 
is concerned. The Algae Problem at Norwalk. G. Atpro Hau. 48-9. 
Treatment of impounding reservoir with 0.25 to 0.35 p.p.m. copper sulfate 
at intervals of 3 weeks in cool months and of 2 weeks during summer aids 
in maintaining water in good condition; but some of more resistant algae 
develop in abundance. In 1934, when water temperature reached 52°F., 
Synedra appeared in large numbers. As much as 200 gallons of green scum 
was removed from mixing chambers daily when plant was operating at rate 
of 0.7 m.g.d. Prechlorination at rate of 3.0 to 3.5 p.p.m., giving residual of 
0 to 0.2 in applied water, was beneficial and taste troubles were minimized 
by. applying activated carbon, 4 to 16 pounds per million gallons, to raw 
water and on top of filters. A few organisms and traces of carbon passed 
through filters. Synedra persisted in clear well with chloramine residual of 
0.5 p.p.m. In 1935, Synedra again appeared when temperature reached 52°F., 
and same treatment was employed except that lime dosage (0.5 grain per 
gallon) for corrosion control was applied to settled, instead of to raw, water 
and major portion of carbon was also applied at that point. Coagulation 
was improved, more complete removal of Synedra was effected, and carbon 
did not pass through filters. Chlorine dosage varied from 3.25 to 3.75 p.p.m. 
Pad of 6 or 8 layers of fine cheese-cloth on laboratory tap, through which 
150 gallons of water is passed, provides good index of number of organisms 
passing through filters. Discussion of Algae Problems at Barberton. F. L. 
Routurns. 49. More than one-half drainage area of Barberton Reservoir is 
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marshy land and, as result, taste and odors due to microérganisms are acute 
problems. Troubles experienced during past few years are outlined, together 
with details of treatment employed. In 1932, Asterionella gave rise to intense — 
tastes. Treatment with alum, 3.0 grains per gallon, lime, 0.7 grain per | ; 
gallon, carbon, 60 pounds per million gallons, and chlorine, 3.0 p.p.m. before. 
fltration and 0.7 p.p.m. after, removed taste and odor at plant; but after- 
taste developed in mains. Preammoniation enabled alum and lime dosages 
to be reduced and carbon and post-chlorination to be discontinued, while 
with chlorine dosage of 1.2 p.p.m., residual chlorine in applied water was 0.35 
and in filtered water, 0.25 p.p.m., as compared with 0.15 and 0.05, respectively, 
from dosage of 3.0 p.p.m. prior to adopting pre-ammoniation. In 1933, after- | 
tastes again appeared, notwithstanding increased chemical dosages, Ana- 
baena being predominant organism. Lime softening corrected this condition. | 
Treatment with carbon, 10 pounds per million gallons, in addition to chlor- — 
amine, is now regularly practised. | Odor Troubles in the Waterat Defiance. 
Frank S. Taytor. 50-1. Experience with most disagreeable fishy odor is le 
described. Raw water was free of odor; but, after treatment, which includes _ 
prechlorination, lime softening, alum coagulation, activated carbon —_ 
tion, recarbonation, filtration, and final chlorination, very intense odor was — ~ 
present. During laboratory experiments, it was observed that odor could x 
be produced by addition of lime to raw water and then eliminated by neutrali- _ a 
zation with sulfuric acid. Identical odors, ammoniacal at first and changing f 
to strongly herring-brine, were produced by treating methylamine hydro- : oe 
chloride with lime. Trouble is believed to have been due to amines produced E 
during putrefaction of large numbers of fish which had been killed by beet 5 eee 
sugar waste, or present in waste itself. Brine used for salting herring and © ie 
beet sugar waste are known to contain amines. Only remedy appears to be fs 
to discontinue use of lime during such periods. Algae Conditions in Meander a ae | 
Reservoir. I. VAN ARNUM. 52. Regular examination of waterin 
Meander Reservoir of Mahoning Valley Sanitary District, supplying Youngs- ? 
town and Niles, has revealed only 2 organisms, Coelosphaerium and Anabaena, _ 
likely to cause trouble. Copper sulfate treatment of reservoirs has been i 
successful in preventing tastes. In discussion, it was stated that activated on ; 
carbon had proven most effective in controlling algae tastes at Akron. Algal = 
population is so high at times that filter runs are reduced to 1 hour. Pre- _ 
chlorination has materially aided in relieving this condition. As last resort, 


It is customary to dintitivate small crystals of copper sulfate over ice on zz 
reservoirs in spring; but in 1985 this treatment was omitted. Suddenly, — A 
without decrease in filter runs, bad taste was reported. Microscopic examina- ox 2 
tion revealed very few organisms, Microcystis being predominant form. 
Source of trouble seemed to be in one of primary reservoirs and when this __ 
was put out of service it only remained to free secondary reservoirs of organ- , 
isms. Activated carbon was effective in removing taste. New Permanent 
Standards for the Determination of Residual Chlorine. R. D. Scorr. 53-4. 
It is well known that permanent standards of ELums and Hauser (Standard ¥ 
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Methods of Water Analysis) for determining free chlorine with o0-tolidine are 
accurate only when viewed through depth of liquid in 300-mm. tube, standards 
appearing relatively weaker when viewed through tube wall. To avoid this 
limitation, author has developed new standards, which are accurate in hue 
and intensity over range 0.01-3.0 p.p.m., whether viewed through length or 
breadth of tube. Solutions required are: I, 0.25 gram potassium dichromate 
and 0.75 gram potassium chromate in 1 liter distilled water; II, 0.25 gram 
potassium dichromate and 0.75 gram potassium chromate in 100 cc. distilled 
water; and III, buffer solution, pH 6.5; 13.616 grams potassium dihydrogen 
phosphate and 30.2 cc. normal sodium hydroxide made up to 2 liters with 
distilled water. Required volume of I or II is introduced into 100-cc. Nesgler 
tube and volume adjusted to 100 cc. with III. I is used for preparing stand- 
ards for range from 0.01 to 0.30 p.p.m. chlorine, volumes required being for 
0.01 p.p.m., 0.3 ec.; for 0.02, 0.7; for 0.03, 1.1; for 0.05, 1.9; for 0.07, 2.8; for 
0.10, 4.4; for 0.15, 7.4; for 0.20, 10.0; for 0.25, 13.0; for 0.30, 16.0. II is used 
for range from 0.4 to 3.0 p.p.m.; for 0.4, 2.1; for 0.50, 2.6; for 0.70, 3.6; for 
1.00, 5.2; for 1.50, 8.0; for 2.0, 11.2; and for 3.0, 18.0. Above 3.5 to 4.0 p.p.m., 
chlorine-o-tolidine colors become erratic in tint and subject to rapid changes 
in intensity. To maintain colors constant, pH of standards must be main- 
tained at 6.5 + 0.2. Standards so prepared have been used in direct sunlight 
for as long as 6 weeks without fading. Dirty Filter Sand, Its Effect on 
Bacterial Growths in Filter Beds at Elevated Water Temperatures, Remedies, 
etc. L. A. MarsHatu. 55-8. During 17 years’ use, filter sand in Division 
Ave. plant at Cleveland has accumulated coating of material (removable 
with hydrochloric acid) averaging 10 percent of sand by weight. Mud 
accumulations are in evidence and filter beds are subject to cracking. When 
water temperature is above 60 to 65°F., beds become virtual incubators, 
causing objectionable odors and producing large numbers of bacteria which 
appear in filtered water. When filter out of service for period after washing 
is again placed in commission, immense numbers of bacteria and strong 
putrefactive odors show in effluent. After 25 minutes, period theoretically 
required to displace water in filter, odors disappear and bacterial count is 
about 90 percent less; but even after 1 hour’s operation, count is frequently 
higher than in raw water. Effluent is always run to waste for 25 minutes 
after starting filter. Pre-ammonia-chlorine treatment, carrying residual 
chlorine to filters, resulted in enormous bacterial growths and putrefactive 
and chloro-organic odors. Various means of cleaning sand, e.g., alkali solu- 
tions, hypochlorite, hosing, etc., have been only partially successful. Entire 
volume of sand is now being washed with Robertson washer and while all 
but 2 percent of accumulated material is removed, performance of filters 
after cleaning is somewhat disappointing.—R. EH. Thompson. 


Steel Dams. Oris E. Hovey. Cloth: 6 x 9 in.; pp. 122. New York: 
American Institute of Steel Construction. $2.50. Reviewed in Eng. News- 
Rec., 116: 168, January 30, 1936.—R. E. Thompson. 


Water Rights for Irrigation. S. T. Harpina. Paper: 5.5 x 8.5 inches; 
pp. 176. Stanford University Press, California. $2.25. Reviewed in Eng. 
News-Rec., 116: 326, February 27, 1936.—R. E. Thompson. | - ¥ 
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British Standard Specifications. No. 603. 1935. Lead Pipes (B. N. F. 
Ternary Alloy). London: Brit. Standards Inst. 2s. 2d. Reviewed in Metal 
Industry (London) 46: 681, 1935. From Chem. Abst., 29: 6197, September — 
2, 1935.—R. E. Thompson. 


Dissolved Oxygen in Boiler Feedwater. M.C. Scuwarrz. Baton Rouge, 
La.: State Univ. Press. 46 pp. 50¢. From Chem. Abst., 29: 6340, Septem- 
ber 20, 1935.—R. E. Thompson. ay 


Determination of Free Chlorine in Drinking Water, etc. London: Brit. — 
Drug Houses, Ltd. From Chem. Abst., 29: 6340, September 20, 1935.— — 
R. E. Thompson. 


Water Engineer’s Handbook and Directory, 1935. London: Water and 
Water Eng. 8s.6d. Reviewed in Gas J., 211: 145, 1935. From Chem. Abst., 
29: 6340, September 20, 1935.—R. EZ. Thompson. 


Le probléme des eaux résiduaires industrielles. F.Diénert. Paris; L’usine. 
F. 9; cloth, F. 10. Reviewed in Tiba, 13: 371; Rev. gén. mat. plastiques, 11: 
162, 1935. From Chem. Abst., 29: 6681, October 10, 1985.—R. E. Thompson. 


Qualités de l’eau et moyens de correction. Ep. Impzaux. Paris: Dunod 
and Cie. 834 pp. F. 265. From Chem. Abst., 29: 6988, October 20, 1935. 
—R. E, Thompson. 


er 


Boiler Feed and Boiler Water Softening. Harry K. BLANNING and ALBERT 
D.Ricw. 2nded. Chicago: Nickerson and CollinsCo. 159pp. $3. From 
Chem. Abst., 30: 1915, March 20, 1986.—R. EZ. Thompson. Dara 

Boiler Feed-Water Treatment. F. J. Marruews. London: Hutchinson’s 
Scientific and Tech. Publications. 256 pp. 12s. 6d. Reviewed in Chem. 
Trade J., 98: 54, 1936. From Chem. Abst., 30: 1916, March 20, 1936.—R. E. 
Thompson. 


A Manual of Practical Chemistry for Public Health Students. ALan W. 
Stewart. 8rd ed. London: The Author. 121 pp. 7s. 6d. Reviewed in 
J, State Med., 43: 744. From Chem. Abst., 30: 1916, March 20, 1936.—R. E. 
Thompson. 


Alimentation en eau des villes. Evacuation des eaux usées et des rési- 
duaires. Livre II. Procédés d’analyse et de contréle des eaux d’alimentation 
et des eaux usées. GuiLLeRD A. Diénert, P. Erriwiarp, and F. WANDEN- 
BULCKE. Paris: L. Eyrolles. 235 pp. F. 35. Cf. C. A., 20: 4499. From 
Chem. Abst., 30: 2676, April 20, 1936.—R. EZ. Thompson. 


Procedure Handbook of Arc Welding Design and Practice. 3rd edition. 
Leather; 6 x 9 inches; 595 pp. The Lincoln Electric Co., Cleveland, Ohio. 
$1.50. Reviewed in Eng. News-Rec., 116: 638, ce 30, 1936.—R. E. 
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aie. 2038 A. W. W. A, 
The Work of the Sanitary Engineer. Artuur J. Martin. Cloth; 54 x 8} 
inches; pp. 488. London: MacDonald and Evans. 16s. net. Reviewed in 
Eng. News-Rec., 116: 638, April 30, 1936.—R. E. Thompson. 


Droughts of 1930-34. Joun C. Horr. Geological Survey, Water Supply 
Paper 680. Paper; 6 x 9 inches; pp. 105. Superintendent of Documents, 
Washington, D. C. 20¢. Reviewed in Eng. News-Rec., 116: 744, May 21, 
1936.—R. E. Thompson. 


Air Conditioning is Causing Large Increase in Use of Ground Water. In q 
preliminary report on the water resources work of State Geological Surveys, 
under date of March 29, 1935, Mr. O. E. Meinzer, among other things, called 
attention to the need of continuing studies on ground water. Although the 
geology remains static, ground water is not generally static, and its movement 
under various natural and artificial forces makes it a dynamic system for 
which the rock formations merely afford the containers and conduits. Any 
adequate study of ground water supplies requires continuing records of natural 
discharge, artificial withdrawals, ground water levels, pressure heads, chemical 
character, and perhaps temperature. With the interpretation of such con- 
tinuing records, it will be possible to determine the ground water trends 
and to place the water supplies of every State upon a relatively secure basis. 

Correspondence between Mr. E. W. Lane and Mr. Meinzer calls attention 
to new problems that are being created by the rapid development of air con- 
ditioning, and the possibility of strengthening the programs of water level 
and pumpage inventories. Fear is expressed that the cities dependent upon 
ground water may suddenly find their sources of supply gone or seriously 
endangered by the rapid spread of air conditioning. Apprehensive lest a 
severe ground water shortage should come rather suddenly and before the 
necessary protective legislation can be adopted, Mr. Lane suggests that 
warning be broadcast in the water works journals and trade papers, to make 
a start at building up sentiment for the necessary control and to provide 
enough forewarning that some of the worst effects may be avoided. 

Agreeing with the importance of the subject, Mr. Meinzer advises that 
the nation-wide program of the Ground Water Division of the U. 8. Geological 
Survey contemplates a continuing inventory of the ground-water supply in 
every municipality in which the public supplies are obtained from wells or 
there is a large use of ground water for industrial or other purposes. As a 
nation-wide program, however, hardly more than a beginning has been made. 
The Ground Water Division has no fund for this work, except as Federal 
Funds are matched by State or municipal funds. There has not been suffi- 
cient appreciation of the importanve of maintaining this type of ground 
water inventory on the part of State and municipal authorities. Two mimeo- 
graphed memoranda have been prepared on the subject, one entitled ‘A 
nation-wide program of water-level measurements,” and the other a pre- 
liminary report for the National Research Council on the ‘‘Water Resources 
Work of State Geological Surveys.”-—A. W. Blohkm. 
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SUBJECT IN DEX 
} Accidents; in various utility fields, determination, standard method, 
incidence ratio, 459 accuracy and, 1504 
Accounting; customer; card ledger equivalents of alum, copperas and 
na and, ferric chloride, 1538 
ys, ledger vs. stub and register sheet see Calcium carbonate; Corrosive- 
led plans, 1677 ness; Hydrogen-ion concentra- 
machine and, 393 tion 
she service applications and; 389 Allentown, Pa.; filters, algae and 
nt bank draft contracts and, organic matter, chlorinated wash 
for } yas 1138 water and, 1599 } 
ne deposits and; 392, 710, 715 swimming pool, chlorine-ammonia 
y : percentage of bad debts treatment, 1625 
ral = and, 713 Alum; black (activated); application 
al guarantors and, 7138, 715, 717 to reservoir, 1866 
n- service discontinuance and, 400 dosage, 1018, 1019 
ds trend, as indicated by question- dissolving; agitation and, paddle 
: naire, 1677 size, position and speed and, 85 
is. punch card system; 1704 temperature and, 85 
on history, 1704 tests, 80 
n- payrolls and, 1707 feed; dry; 1558 
el see Billing dissolving tank tests, 90 
Acidity, neutralization; lime and, 751 solution, 74 
bn soda ash and, 749 manufacture at water works, 1946 
ly see Hydrogen-ion concentration see Chemical feed; Coagulation; 
a Administration; 1687 Waifs Iron removal; Manganese re- 
he commission and, 1138, 1199 d moval; Softening 
t Advertising; see Publicity a Amebiasis; see Dysentery; 
“ Aeration; gas removal by, 515 American "Enka Corporation; filter 
xe jet-nozzles in heated and ventilated sand cleaning, 625, 1018 
le building, 1904 water purification, spore-formers 
see Carbon dioxide removal; Hy- and organic matter and, 623 
t drogen sulfide removal; Iron American Society of Civil Engineers; 
removal; Manganese removal; contracts, form of agreement and, 
al Methane; Mixing; Odor 360 
in Air compressor ; lubrication, 733 convention hotel plumbing, certifi- 
vr Air conditioning; cross connections cation, 216 
r and, 69, 245 American Water Works Association; 
extent employed, 1189 convention; of 1936, 1798 
a water consumption and, 318, 1181 city, water quality requirement, 
il Air lift; see Well 
i- Albany, . N. Y.; alum coagulation, hotel, plumbing certification; 
d pH adjustment and, 1904 216, 243 
manganese, experiences and re- procedure, 244, 251 
A ay, ¢ ’ ’ ; j i 
G Albion, Ind.; elevated tank, savings educational _ situation” in water 
and, 779 works engineering and, 925 
8 : Fuller Memorial Memberships, 1798 


Alexandria, Ind.; metering, results, 
772 


Algae; see Microscopic organisms 
Alkalinity; alum coagulation, reduc- 
tion and, 2002 
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Goodell Prize award, 1810 


Henshaw Cup award, 1808 “ar 
Hill Cup award, 1808 vhastp?: 


officers, directory, 1631 aor 


: 
hed 
ar, 
6 - 
Pry 
y 
= 
iy 
j 
! 
ny 


2040 


pollution; federal control, resolu- 
tion re, 806 


legislative committees on, ap- 
pearances before, 1072 
secretary’s report—1935; financial 
statement, 542 
membership statement, 544 
what’s ahead for, 1165 
see Committee reports; Society 
affairs; and the various sections 
American Water Works Association, 
- committees; chemical hazards in 
water works plants—ammonia, re- 
port, 1772 
convention hotel sanitation, report, 


251 
directory of, 1631 


electrolysis and electrical inter- 
ference, formation of American 
Committee on Grounding, 1735 
general policy, report, 1422 
national water policy, report, 1068 
pipe line friction coefficients, 1303 
Ammonia; containers; gas withdrawal 
rates, maximum, 1774 
ton, 1621 
copper and, 1774 
first aid treatment and, 1781 
gas masks and, 1779 
handling and storing; 1778 P, 
ventilation and, 1779 
hazards and, committee report, 
1772 
physiological response to various 
concentrations, 1781 


piping for, 1779 


a. resistant, and, 1607 


properties, 1773 
solubility, 1774 
Chlorination; Chlorination, 
taste and odor; Taste and odor 
Ammonium sulfate, feeding of; im- 
proving by carbon addition, 1019 
in solution, 540 
Anabaena; copper sulfate and; depth 
and, 167 
dosage and, 166, 177, 454 
vertical distribution, 450 
Anaconda Copper Mining Co., Mon- 
tana; forest destruction case, 1086 
Anemia; copper and, 1041 
Ankistrodesmus; in reservoir, 177 
Anna Hospital, Ill.; manganese re- 
moval, 1489 
Aphanizomenon, copper sulfate and; 
depth and, 167 
dosage and, 166, 168, 177 
Appleton, Wis.; coagulation data, 
1944 
Aqueduct, concrete; cement, sulfate- 
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INDEX 


manganese deposition in, 1901 
Argyrosis; see Silver 
Arkansas; rate case regulations, 170] 
Asterionella; copper sulfate, dosage 
and, 168, 448, 456 
vertical distribution, 450 
Atlanta, Ga.; chromium plate, clean- 
ing, 1625 
copper sulfate treatment, 1018 
filter washing, gas vent and, 1017 
Atlantic City, N. J.; connections to 
pipes and valve insertion under 
pressure, 1618 
water supply, emergency connec- 
tion of private systems and, 1893 
Austin, Tex.; main construction, 
specifications, 358 


Bacteria; distribution system, sec- 
ondary growths in, 1047 
see Sterilization 
Bacteria, colon group, differenti- 
ation; E. M. B. agar containing 
crystal violet, 1963 
ferrocyanide-citrate agar, 1964 
Bacteria, iron; see Crenothrix; Main 
Bacteria, manganese; see Manganese 
Bacteria, spore-forming; see Bac- 
terium coli test; Cellus substle 
Bacterium coli; concentration limits 
for; chlorination, 1993 
various treatments, 768 


distribution system, secondary 
growths in, significance, 1048, 
1049 


-like organisms from leather, jute, 
fiber, etc.. significance, 1049 
silver and, 499, 1985 
see Bacteria, colon group; Sterili- 
zation 
Bacterium coli test; confirmation; 
brillant green bile, spore-formers 
and, 419 
standard method; and brilliant 
green bile, comparison, 414, 
786, 791 
errors and, 412, 418 
transfer during period of loga- 
rithmic increase, 1964 
plate count; brilliant green bile 
agar, 1965 
concentration and; on bacterial 
filter, 1965 
by centrifuging with kaolin 
or infusorial earth; 1966 
comparison with stand- 
ard method, 1971 
on nitrocellulose, 1965 
E. M. B. agar; 1965 
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1966 
Endo agar, modified, 1965 
ferrocyanide-citrate agar, 1964 
vs. liquid medium, 1971 


presumptive; brilliant green bile, 


611, 786 
erystal violet broth, 611 


Dominick-Lauter broth, 611, 786 


formate ricinoleate broth, 611 
fuchsin broth, 611 


lactose broth; brilliant green bile 


and, parallel planting, 792 
buffered, 611 
media, various, comparison 
with, 611, 786 
MacConkey’s bile broth, 611 
media, evaluating; 613 
criterion, maximum recovery 
as, 785 
pure cultures and, 618 
spore-formers, various media 
and, 615 
trypaflavine broth, 611 
see Bacteria, colon group 
Bacterium tertium; see Clostridium 
tertium 
Bacterium welchii; see Clostridium 
welchii 
Baltimore, Md.; air conditioning, 
water consumption and, 1193 
coagulation data, 1946 
copper sulfate treatment, 1859 
corrosiveness, lime and; 797 
hardness, increase, and economic 
significance, 800 
pump, centrifugal, efficiency, 868 
pumping stations; automatic; 880 
Pikesville, 113 
operation, 878 
water supply, manganese and, 1901 
Barnum, Minn.; concrete tank, 49 
Base exchange; see Iron removal; 
Manganese removal; Softening 
Bass; copper sulfate and, 624 
Bauxite, Ark.; water supplies, fluor- 
ine and, 1064 
Bearing; ball and roller, lubrication, 
731, 736 
reservoir type ring-oiled, lubrica- 
tion, 730 
Beautification; see Water works 
Belvidere, Ill.; Diesel drive, costs, 
compared with steam, 125 
Billing; 1008 
collection; 399, 1009 
final accounts and, 716 9 
Indiana Section committee re- 
port, 709 
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- 
delinquent accounts; collection; 
agencies and, 714, 717 
attorney system, 1669 
extent, 1674 
and, 1138 
_ practice, 35, 397, 398, 714, 716 
service discontinuance and; 716, 
718, 1009, 1675 
-9b, deposit balance and, 716 
fee and, 36 
notice, New York law and, 36 
small towns and, 53 
delivery; 397 
number per man per day, 398 
frequency, 30, 1009, 1672, 1690 
machine; 33, 
operators; output, 393 
payment; penalizing for 
errors, 393 
wage incentive plan, 393 
post cards and, 33 
punch card system; 1691, 1706 
cost, compared with manual and 
machine, 1694 
staggered, 1690, 1694 
see Accounting 
Billings, Mont. ; new filters, construc- 
tion, 44 
plant improvements, 43 
wash water tank, construction, 45 
Birm; see Iron removal; Manganese 
removal 
Bleaching powder; see Coagulation 
Boiler; corrosion; carbon dioxide and, 
918 
embrittlement, caustic; silica 
and, 920 
sodium sulfate and, 919 
stress and, 920 rm 
H-ion concentration and; 918 
sodium carbonate and hy- 
att droxide and, 919 
oxygen and; 918 
: sodium sulfite and tannin 
and, 919 


pitting and,919 
stress and, 918 
theory, 918 } 


efficiency, 876 

feed water, hardness, operating 
cost increase and, 1112 

foaming and priming; calcium 
carbonate and, 529, 532, 535 
flint, ground, and, 531 
hydroxyl-ion concentration and, 

530 


magnesium hydroxide and, 532 

prevention; blow-down and, 920 
castor oil and, 920 

scale, finely divided, 
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oil and, 531 diab 
solids and; dissolved, 529 
he suspended; 528 
stabilizing influence, loss 
on boiling, 530 
furnace, operation, carbon dioxide 
meter and, 995 
water, sodium carbonate in, de- 
composition, 919 
see Railroad 
Boiling; prevention of bumping by 
solid matter, theory, 535 
- Boonton, N. J.; early chlorination, 
685 yard), 
Boron; determination, 1449 ec) 
plants, effect on various, 1451 
removal, 1452 
significance; domestic supply and, 
1450 
irrigation water and, 1450 
Boulder City, Nevada, water; flour- 
ine, teeth and, 637 
raw, quality, Boulder Dam and, 637 
softening; and purification, 627 
soap saving, estimated, 639 
Boulder Dam; see United States 
Bureau of Reclamation 
Brainerd, Minn. ; manganese removal, 
1495 
— yellow and red, composition, 
3 


Bremerton, Wash.; cast iron main, 
laying inside old wood main, 104 
leakage tests, 103 

replacements, financing, 101 

metering, 105 
taste, creosoted wood pipe, am- 

monia and, 103 
water supply and history, 97 
Brewing; silver sterilization and, 496 
Bridgeton, N. J.; water supply, 
emergency connection of private 
system, 1894 
Brilliant green bile; see Bacterium 
coli test 
Brine; corrosiveness, 1511 

British Columbia; watershed regu- 
lations, 1077 

Budapest, Hungary; supply mains, 
flushing, 257 

Budget; see Financing 

Buffalo, N. Y.; high-pressure mains, 

A TERA project, 337 

F intake, radio phone and, 1623 
reservoir, abandoned, coversion to 
stadium, 1623 

Buhl, Idaho; slow sand filtration, 
algae and, 107 

Burette stand; illuminated, 1019 


Calcium carbonate; deposition as 
protective coating; 797, 1500 
lime and, 1501 
saturation index and; 1502 
temperature and, 1512 
-iron oxide protective coating, 799 
solubility; salinity and, 1511 
temperature and, 1512 
public relations problem, 
171 
unemployment compensation, 1728 
water resources, 1270, 1285 
California Water Service Co.; hypo- 
chlorinator, 1626 
pumping plants, automatic con- 
trol, 1170 
well, salt water and, 
recorder and, 1627 
Canadian Section; 1936 meeting, 657 
Canal, concrete-lined; construction, 
1614 
curing, coal tar coating and, 1614 
Carbon, activated; extent employed, 
1863 
filters, corrosion in, bitumastie 
enamel lining and, 2001 
filtration, oxygen consumed reduc- 
tion and, 2003 
powdered; application, 
1020 
dosage, 1018 
use in water purification, history, 
1020 
see Alum; Ammonium sulfate; 
Chlorination, taste and odor; 
Coagulation; Coagulation basin; 
Color removal; Dechlorination; 
Filtration, pressure; Filtration, 
rapid sand; Iron sulfate; Odor; 
Softening; Taste and odor 
Carbon dioxide; coagulation; alum 


chloride 


method, 


and, 1538, 2002 Le 
ferric chloride and, 1588 
removal; aeration and, 749 insets, 


lime and; 797 
dosage required, 1538, 1583 
limestone contact bed and, 1514 
soda ash, dosage required, 1538 
solubility in water, 514 
see Boiler corrosion; Corrosiveness 
Carbonate; see Alkalinity; Calcium 
carbonate 


Carbonation; equipment, mainte- 


nance, 1574 
natural gasand, 751 
see Softening 


Cast iron; see Iron, cast it” 
Catadyn; see Silver 
Catalysis; theory, 1497 | 
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Cellus substle; 
monia and, 626 
gelatinous accumulations in filters 
and, removal, 625 
Cement; see Aqueduct; Concrete; 
Dam; Pipe, cement-lined 
Central States Section; 1936 meeting, 
1793 
Champaign and Urbana, IIl.; serv- 
ices, electric thawing, 859 
Chemical; conveyor, blower type, 
55 
Chemical feed; 1538, 1879 
dry; automatic, 17 
equipment, selection and pur- 
chase, 1534 
equipment, maintenance, 1573 
solution; 2001 
automatic, 16 
orifice, rubber stopper in union 
and, 1624 
to pump suction, automatic, 1628 
rate controller, 1626 
tank, float valve and, 1017 
see Alum; Carbon; Iron chloride; 
Lime; Permanganate 
Chesapeake and Potomac Telephone 
Co,, Baltimore; valuation case, 
1697 
Chetopa, Kans.; water supply, mot- 
tled tooth enamel, damage suits 
and, 648 
Chicago, Ill.; amebiasis. outbreaks, 
71, 214, 243 
dual water systems, city supply 
through receiving reservoir and, 
71 
filters, experimental, 
troller and, 1626 
frost difficulties, 849 
metering, opposition, overcoming, 
1712 
“Siamese Twin”’ fire boat hydrants, 
hazard and, 72 
water treatment, opposition to, 907 
Chironomus; chlorine and, 1473 
copper sulfate and, 1473 
life habits, 1473 


chlorination, am- 


rate con- 


Chloramine; see Ammonia; Chlorina- | 


tion; Chlorination, taste and odor; 
Chlorine, free determination; Taste 
and odor 
Chloride determination; 
1627 
Chlorinated copperas; see Coagula- 
tion; Color removal; Softening 
Chlorination; ammonia and; 102, 
908, 1217, 1349 
addition after chlorine, 1018 
Corophium and, 1478 


h 


recorder, 


INDEX 


Crenothrix and, 1230 

dosage, ratio, 63, 540, 608, 623, 
1018, 1862 


extent employed, 1861 Te 

in impounding reservoir, 623 

nitrite formation and, 1093 a 

residual and, 1981, 1982 ie 

sterilization rate, 608 


apparatus; automatic, 18, 1742 
containers, ton, 1558, 1593, 1880 
duriron ejector and, 1600 
hypochlorinator, 1626 
maintenance, 1573 
pipeline injection manifold, 1743 

B. coli limit for raw water, 768, 
1993 

Chironomus and, 1473 

Cl. welchii and, 1048 ania 

dosage, 1219, 1569, 1751 

double, 721 wait 

extent employed, 1861 

history, 685 


leptospirae and, 1049 ak 


pre-; 634, 721, 1018, 1020, 1946 
ammonia and, 63, 540, 608, 624 
B. coli limit for raw water and, 
768 
benefits, 1593 
dosage, 1593 
residual; contact period before 
testing, 1090 
control, automatic, 1742 
practice, 540, 1751 
see Ammonia; Ammonium sulfate; 
Coagulation; Coagulation basin; 
- Color removal; Filtration, rapid 
sand; Hydrogen sulfide removal; 
Iron removal; Microscopic or- 
ganisms; Odor; Swimming pool; 
Taste and odor 
Chlorination, taste and odor; am- 
monia and, 607 
chlorinous; 754, 1998 
ammonia and, 1861 
carbon filtration and; 1999 
bed depth, 2001 
wash rate and expansion, 
bow 2002 
dosage and, 1593 
superchlorination and carbon fil- 
tration, 2001 
creosoted wood pipe, 
and, 103 
gas and coke works waste and, 755 
ijodoform, prechlorination and, 1907 
microérganisms and, ammonia and, 
447 
organic coating on filter sand and 


ammonia 


i" lgae on walls, carbon and, 1600 | a ‘ 
| 
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superchlorination and, 508 
see Odor; Taste and odor 
Chlorine, free, determination; starch 
iodide test; 1095 
ss iron and manganese and, 1095 
o-tolidin and; H-ion concentration 
and alkalinity and, 1091 
iron and; 1093 
interference, avoiding, 1094 
manganese and; 1093, 1902 
interference, avoiding, 1094 
nitrite and; 1093 
hydrogen peroxide modifica- 
tion and unreliability, 1093 
standards, permanence, 1092 
sunlight and, 1092 
temperature and, 1091 
time and; 1091 
ammonia and, 1091 
turbidity and color, compensat- 
ing for, 1092 
Cholera; forests and, 1053 
Chromium plating; cleaning, 1625 


Cicero, Ill.; collections, improved, 
1009 
leakage survey and waste reduc- 
tion, 1010 


Clarifier; maintenance, 1573 
see Color removal; Sedimentation 
basin; Softening 


Clostridium tertium; B. coli test 
media, various, and, 615 
Clostridium welchii; B. coli test 


media, various, and, 615 
chlorination and, 1048 
sanitary significance, 1048 
Coagulation; alkali, choice of, 796 
alum; alkalinity equivalents, 1538, 
2002 
black (activated), 1018 
carbon and, 1624 
carbon dioxide 
4588, 2002 
dosage; 1907, 1944, 1946 
i mixing and, 1526 
’ paper waste pollution and, 
1591 


increase and, 


formation; alum solution; 
preparation; method and, 74 
mixing period and, 
88 


P strength and, 89 

study, 1953 

H-ion concentration and; 753, 
1538, 1944, 1949 


adjustment with sulfuric 
acid, 1904 
intermittent application, 63 
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phenol and, ammonia and, dosage and iron in ote pend 752... : 
ratio, 1862 lime and, 1877, dog 


mixing, period, 
1525, 1877, 1904 
residual alumina; deposits jp 
galvanized pipes and, 752, 753 
pH and, 753 
soda ash and, 2000 
chlorinated copperas; advantages, 
1950 
vs. alum, low temperature and, 
1596, 1601 
application, method, 1508, 1601, 
1950 
bleaching powder and, 1598 
chlorine-copperas ratio, 1947 
vs. copperas; 1951 
costs and, 1952 
dosage; 1947 
effective range; 1601 
widening, lime and, 1595 
pH and, 1950, 1951 
reaction, 1598 
suspended matter and, 1951 
chlorination and, 1593 
coagulants, efficiency of various, 
1595 
control; jar tests and; 795, 1539 
mixing and, 1603 
solutions for, preparation, 
1539, 1621 
laboratory, 1537 
double, 1947 
efficiency, determination, 1625 
ferric chloride; alkalinity equiva- 
lents, 1538 
carbon dioxide increase and, 1538 
iron; compounds; 1949, 1953 
availability, 1600 
: efficiency of various, 1600 
and, 1538 
and lime; H-ion concentration 
and, 796, 1538 
lime required, 1538 
order of addition, 796 
taste, sweetish, and, 1906 
in water and; 752, 1567 


pH and, 753 
mixing and; 1522, 1602, 1947 void 
bibliography, 1532 


period; 59, 609, 1527, 1529 
temperature and, 1948 
and velocity required, me- 
chanical and basins and, 
794 
velocity, progressively decreas- 
ing, 794, 1528, 1602 
theory, 1943 
turbidity, descending, combination 
of coagulants and, 1594 
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see » Color renevals Iron removal; 
Manganese removal; Softening; 
Turbidity 
Coagulation basin; construction, skin 
coat of concrete on excavation 
floor and, 1878 
depth, 1536 
design, 1535, 1948 
detention period, 60, 609, 1536, 
1877, 1944 
inlet, perforated baffle wall and, 
1944 
new, 60 
sludge stabilization; carbon and, 
1021 
prechlorination and, 1593 ) 
stratification, baffles and, 1603 
velocity through, 1536, 1877 } 
see Sedimentation basin 
Coal; see Filtration, coal; Iron re- 
moval; Manganese removal 
Coelosphaerium; copper 
dosage and, 166 
Color; swamps, draining and, 1857 
Color removal; alum and; 1944 
black (activated); 1018, 1019 
application to reservoir, 1866 
salt water and, 1622 
chlorination and, 2002 
pH adjustment and, 1871 
carbon filtration and, 1999, 2003 
chlorinated copperas and, sodium 
aluminate and, 1600 
chlorination and, 2002 
copper sulfate and carbon addition 
to reservoir and, 1866 _ 
ferric chloride and; 1868 


sulfate, 


ava 


vs. alum, 1871 verb 
clarifier and, 1869 ieails 
ion concentration adjustment 
and, 1871 


mixing period and, 1870 
sludge recirculation and; 1868 
; peptization and; 1871 
0 chlorination and, 1872 
lime and filtration and, 1019 
Colorado; water; resources, 1270 
supplies, fluorine and, 1464 
Colorado River; water quality, 
Boulder Dam and, 637 
Columbus, Kans.; mottled tooth 
enamel, 648 
Columbus, Ohio; burette stand, il- 
luminated, 1019 
odor-free water, preparation, 1623 
Committee reports; cast iron pipe 
specifications (sectional commit- 
tee), 651 
chemical hazards in water works 
lants—ammonia, 1772 


collection (Indiana Sec- 
tion), 7 
Be hotel sanitation, 251 
electrolysis and electrical inter- 
ference, formation of American 
Committee on Grounding, 1735 
general policy, 1422 
national water policy, 1068 
ipe line coefficients (New England 
ater Works Association), 1293 
Complaints; handling, 1011, 1720 
see Distribution system 
Concrete; shrinkage, ultimate, 46 
temperature and expansion and, 47 
_ vibrators and, 44 
- walls, paint for, 1624 


whinge Aqueduct; Canal; Dam; Filtra- 


tion, rapid ‘sand; Pipe, concrete; 
Tank; ete. 
Conductivity; recorder, 1627 
Connecticut; interstate agreement re 
pollution of coastal waters, 766 
Consumption; air conditioning and, 
318, 1181 
Denver, Colo., 1693, 1875 
high, Missoula, Mont., 266 y, 
Los Angeles, Cal., 1210 . 
metering and, 772 
municipal and agricultural, simi- 
larity, 1234 
Simcoe, Ont., 1927 “a 
temperature, low, and, 1063 py 
Tokyo, Japan, 720,721 
Two Rivers, Wis.,610 
Contract; form of, 360 xivde 
Copper; ammonia and, 1774 
anemia and, 1041 5 
electrical resistance, 857 
water treatment, history, 492 2 
see Services 
Copper sulfate; solubility, 1472 ie 
Copper sulfate treatment; 447 ' 
application; aeroplane and, 172 
blower and, 165, 178, 1859 
continuous to water entering 
reservoir; bag in stream and, 
1860 
ni dry feed and, 1860 
to filter plant influent, 1020 
ice on reservoir, through holes 
in, 1861 
motor boat and, 455 
perforated boxes and motor boat, 
1859 
sacks dragged by boat; 163, 1471 
boat lanes at right angles, 169 
crystal size and, 164 
inaccuracies and, 165, 1858 
time and labor required, 171 
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sacks floated on inner tubes, 1018, 


1860 
scatterer and; 165, 172, 179, 1471, 
1472, 1858 
sé copper sulfate specifications 
and 


magnesium 
getivated 
and, 178 
time and labor required, 176 
in solution, by spraying, 164, 
1471, 1859 
to well supply under pressure, 
1867 


crystal size and, 165, 
74 


carbonate and 
clay addition 


vt 


basic carbonates and hydroxide 
formation, rate of, 170 
bass and, 624 
copper chloride, substitution of, 
105% 
copper in solution, 
treatment, 1470 
dosage; 163, 624, 1472, 1860, 1865 
temperature, organic matter, al- 
rr: kalinity and carbon dioxide, 
‘ corrections for, 166, 168 
trout and, 456 
uniformity, checking; diethyldi- 
thiocarbamate and, 174 
sodium sulfide and, 172 
vertical distribution, observations 
on, 1470 
see Anabaena; Chironomus; Creno- 


period after 


thrix; Fragilaria; Melosira; etc. 
Corophium; chlorination and, am- 
monia and, 1478 
in reservoirs, 1478 
Corrosion; see Boiler; Meter; Pipe, 
steel; Railroad; Services; etc. 
Corrosiveness; calcium carbonate 
saturation index and; 1500 it 
temperature and, 1512 
treatments, various, and, 1514 — 
of typical supplies, 1517 
earbon dioxide and, 797 
correction; 796 
determining effectiveness, jar 


tests with rusty nails, 1623 
determination; calcium carbonate 
saturation index and, 1502 
marble test and, 1514 
H-ion concentration and; 797 
adjustment; alkalies and, 1300 
lime and, 756 
lime and; 797, 1018 i 
eontrol; H-ion concentration re- 
corder and, 799 
marble test and, 799 


ivi cost; 800 
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compared with soda ash and 
acing: caustic soda, 802 
hardness increase, and economic 
significance, 800 
limestone contact bed and, 1514 
oxygen dissolved and, 797 
red water; cold water conditions 
and, 1979 
pH adjustment and; 1045 — 
marble test and, 1981 
temperature and, 1511 
water quality deterioration and 
1046 
zeolite softening and, 1514 
see Brine; Calcium carbonate 
Covington, Va.; chemical solution 
tanks, float valves and, 1017 


Crenothrix; chloramine and, 1230, 
1867 
copper sulfate and, well supply 
and, 1867 


in distribution system, 1047 
tunnel infiltration and, 1230 
in water supply, 258 
Cross connections; 1045, 1048 
air conditioning and, 69, 245 — 
amebiasis and, 71, 214 
check valves; double, all-bronze, 
F. M. type, 1889 
inspection, frequency, 1891 
drinking fountains and, 248, 936 
dual water systems and; 70 
city supply through tank and, 


71, 1891 

piping of distinctive color and, 
71, 

swing and, 1892 ats 

dysentery and, 215, 1887 

elimination program, 234 

filter in private building, dysentery 
outbreak and, 237 

fire pump priming connection and, 
2 


hazards and, 67 
horse watering troughs and, 239 
hospitals and; 242, 936 
survey, 227 
hot water systems and, 239 


hotels and; conventions and; A. 8. 


C. E., certification and, 216 
A. W. W. A., certification and; 
216, 243 
“i committee report, 251 


procedure, 244 
survey, 227 
_ hydrants for fire boats, 
Twin” and, 72 
milk plants and, 228 
plumbing and; 235, 242 
education of public re, 697 
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935 
health department’s responsi- 
bility and, 696, 935 
prevalence, 241 
es check valves and, 236 
survey; 217 
gla cost, 218 
types, 221, 237 
refrigeration plants and, 236, 936 
regulations, state, 1885 
survey, 234 
swimming pools and, 225, 228 
typhoid and, 215, 231, 1887, 1888 
see Plumbing; Water closets 
Crystal violet; see Bacterium coli test 
Culpepper, Va.; Diesel engine drive, 
costs, 126 


Dallas, Tex.; coagulation, chlori- 
nated copperas and, 1947, 1950 
Dam; concrete; cement; low-heat, 
1606 
puzzolan, 1607 
construction, developments, 1610 
height, increasing, 1608 
design and construction, revision 
of federal manuals, 1272 
earth; construction, soil compac- 
tion; control; 134 
percolation-consolidation 
cylinder and, 140 
Delmag Frog and, 1609 
moisture and; 134 
determining, plasticity 
needle and, 


cutoff walls and, 131 li 
design, 127 wols 
developments, 1609 ites 


face protection; 132 
watertightness and, 133 
largest in world, 1609 
foundations, developments re, 1605 
rock-fill; developments, 1609 
earthquake and, 1610 
stress analysis, 1607 
Danvers, Mass.; main breaks, empty- 
ing with air pressure and, 1017 
Daphnia; silver and, 502 
Dechlorination; carbon 
and, 258, 2003 
Deer Lodge National Forest, Mon- 
tana; tree damage by smelter, 
study of effect on streams, 1086 
Delphi, Ind.; meters, freezing, pre- 
vention, 1136 
Denver, Colo.; billing; 1690, 1694 
punch ecard, 1691, 1694 
consumption, 1693, 1875 
filtration; plants, 1873 | 


filtration | 
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fixture siphonage and, 215, 247, 


West Side plant, details, 1873 
Fraser River diversion, soap saving 
and, 1874 
water department, reorganization, 
1686 
Depreciation; rates; for various 
structures and equipment, 348 
Wisconsin statistics, 346 
reserve for, 384 
see Valuation 
Detroit, Mich.; raw water tunnels, 
surge tests, 295 
turbidity determination, illumina- 
tion and, 1625 
Diabetes; lime-soda softened water 
and, 917 
Diatoms; copper sulfate, depth and, 
167 


Diptera chironomus; see Chironomus 
Disease; water-borne, contamination 
enroute to consumer and, 67 
see Anemia; Bone; Cholera; Dia- 
betes; Dysentery; Goiter; 
Health; Jaundice; Kidney; 
Teeth; Typhoid : 
Dissociation, electrolytic; theory, 
activity concept, 1506 
Distribution system; bacterial in- 
crease in; 1047 
significance, 1048, 1049 
construction, field reports and, 1760 
dead end elimination, pressure 
improvement and, 782 | 
developments and, 1617 
extensions, planning, 602 
fire protection and; 1106 
improving for, 702, 705 
flushing, complaint reduction and, 


1230 
maintenance, 402 ane 
planning and, 1100 


records; 405,788 
and maps, 1756 
small municipalities and, 1918 
trunk line survey; pitometer, 408 
value, 1099 
valves; 180 
between districts, cracking for 
¢ireulation, avoiding, 182 
control, remote, 211 
inspection, frequency, 183 
se operation by inexperienced men, 
damage and, 1011 
practice, 402 
records; of inspection and opera- 
tion, 1762 
of location, 1756 
water quality deterioration in, 1044 
see Fire hydrant; Fire protection; 
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Leakage; Main; Pipe; Pressure; 
Valve; ete, 
Dominick-Lauter medium; see Bac- 
terium coli test 
Drinking fountains; cross connec- 
tions and, 248, 936 
Duluth, Minn.; water supply and 
sewage disposal situation, 905 
Dysentery; amebic, cross connections 
and, 71, 214, 243 
cross connections and; 215, 1887 
Ane. filter, private, and, 237 
purification, improper control and, 
A 


Earth; see Dam; Soil 
Earthquake; water works, damage 
and, 908 
wells and, 910 
see Dam 
East Bay Municipal Utility District; 
filters, wooden Paffles and, 1559 
Orinda filtration plant, 1551 
water; quality, 1568 
supply, 1551 
East Lansing, Mich.; zeolite soften- 
ing and iron removal, 1486 
El Paso, Tex.; pipe joints, cement, 
1769 
services, 598 
soil conditions, 596 
Electric circuits, grounding to water 
bed pipes; alternating current and, 461 
A. American Research Committee on, 
formation of, 1735 
amperage, fatal, 464 
conduits and, 463 rey 
direct current and, 460 oie 
hazards and, 458 
household appliances and, 463 
lightning arrestors and, 467 
neon signs and, 467 
neutral wire and; 
meter jumper and, 461 
radio and, 464 


telegraph system and, 466 ay 


telephone system and, 465 jar 
Electric motor; lubrication, 1572 
maintenance, 1572 


speed variation, methods, 869 
see Bearing; Pump, centrifugal ; 
Pumping station 
Electric power; cost, 118,126 
Electrolysis; 466 
metals, various, and, 460 
steel pipe and, 1349 
Elgin, [ll.; hydrants, thawing, 1136 
meter practice, 
Endameba histolytica; see Dysentery 
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Endo medium; modified, 1965 
Engine, Diesel; depreciation, 121, 123 
lubrication, 7383 
operation, sequence, 119 
thermal efficiency, compared with 
gasoline engine, 120 
see Pump, centrifugal; Pumping 
station 
Engine, gasoline; lubrication, 738 
thermal efficiency, compared with 
Diesel engine, 120 
Kosine methylene blue agar; see 
Bacteria, colon group; Bacterium 
coli test 
rie, Pa.; pumping station, remote 
control, 592 
Mudorina; copper sulfate and, dos- 
age, 454 
Kugene, Ore.; coagulation data, 1944 
Mvaporation; determination, 27 
lowa and, 106 
Rochester, N, Y., reservoir and, 27 


Fayetteville, Ark.; Diesel engine 
drive, 124 
Ferric and ferrous; see Lron 
Ferrocyanide-citrate agar; see Bac- 
teria, colon group; Bacterium coli 
test 
Filter gallery; see Infiltration gallery 
Filtration; capital cost, 907 
magnetite and, 1621 
see Carbon, activated 
Filtration, coal; plant, 1873 
see Iron removal; Manganese re- 
moval 
Filtration, double; see Filtration, 
slow sand 
Filtration, pressure; alum, black 
(activated), and, 1018 
carbon addition and, passage 
through filter and, 1018 
gravel, depth; 1588 
and size, 2000 
head loss, final, and, 2002 
plant; 1933 
new, 1582, 1588, 2000 y7iv 
rate, 2000 ya 
sand depth and size, 1588, 2000 
Filtration, rapid sand; air binding, 
1549 
coagulation, in absence of, 1552, 
1944 
control equipment, 1546 
effluent; floc detectors and, 1879 
turbidity and, 541, 1567 
gravel; alumina deposit and, 752 
cemented, 1545 
depth, 61, 609, 628, 1561, 1878 
size, 61, 1561,1878 
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final, 64, 156% 
recorders, maintenance, 1575 


influent, discharge below ‘sand 


face, 1868, 1870 
j gallery; | 1556, 1879 
or tubing and, 1557 
improvements, I 543 
plant; construction; 1563 
concrete and, 1881 
cost, 63, 1564, 1565, Fetal} 
design, tre »nds, 154] 
equipment, maintenance, 1571 
new, 60, 608, 1873 
operation, cost, 610, 1566 
purification effec ted, 7 


rate; 540, 155%, 1562, 1868, 1869, 


1870, 1878 
controller; 
for experimental filters, 1626 
maintenance, 1575 
recorders, maintenance, 1575 
runs; 64, 540, 943 
algae and; 64, 1568 
copper sulfate and, 1020 
carbon addition and, 1864 
cellus substle and, 625 
growths in filters and, pre- 
chlorination and, 1593 
sand; coating; chlorination and, 
1872 
cleaning, sulfuric acid and, 
1018 
J gelatinous, cellus substle, 
- caustic soda and soda 
bleach and, 625 
“fai manganese and; and reme- 
dies, 1902 
Bu removing, caustic soda 
and, 1018 
re-solution in idle filters, 
1902 
organic, and algae on walls, 
chlorinated wash water 
and, 1600 
cracking, 752 
depth, 61, 609, 628, 1561, 1868, 
1869, 1879 
mud balls and, 752 
size, 61, 1561, 1868, 1869, 1871, 
1879 
underdrains; perforated pipe; 61, 
1558 
cement-lined cast iron, 1878 
hydraulics of, 1554 
porous plates and, 1545 
trends, 1544 
wooden baffles to prevent lateral 
flow and gravel disruption, 
1559 
units; concrete, construction, 44 


wooden tub, 1873 
a gas vent in manifold and, 
10) 
gravel disturbance and, 752 nent 
rate; 62, 1019, 1554, 1561 
controller; 8, 10 
automatic, 13 
sand expansion and, 64 
surface, 1548 
water; pereentage; 540, 100. 
coagulation, mixing and, 
152 
recirculation, 188! 
storage and discharge into 
irrigation diteh, 1880 
troughs, height above sand, 
1558, 1868, 1870 
Filtration, slow sand; cleaning, Blais- 
de}| washer, ice and, 840 
plant, 1873 
prefiltration and, 1542 
purification effected, 726 
rate, 721 
runs; 72) 
algae and, 107 
Financing; budget and; 1690 
fundamentals and, 
main replacements, 01 
municipal plants, funds, diversion, 


return, rate; 385 
Wisconsin statistics, 352 
revenue; distribution by classes 
of service, 353 
-operating expense ratio, Wis- 
consin statistics, 342 
small town supplies and, 5] 
turnover, Wisconsin statistics, 345 
see Depreciation; Fire proteetion; 
Rates; Taxation; Valuation 
Fire hydrants; freezing, prevention, 


839 
frozen; 846, 853, 1063 ad, 
thawing; carbide and, 846 tee 
cost, 855 
gasoline and, 1136 es, 


sulfurie acid and, 1136 


maintenance, 190 

painting; 642 
classification and, 1800 

practice, 403 


requirements, 1106 
“Siamese Twin’’ fire boat con- 
nections, hazards and, 72 

see Fire protection 

Fire insurance rates; water supply 
and, 986 

Fire loss; annual, in United States, 
1916-35, 421 

Fire protection; charging for; 387 eg 


1, 123 
: 
27 
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hydrant rental and, 610 
revenue from, Wisconsin data, 
354 

distribution system and; 1106 
improving and, 702, 705 

flow, underwriters’ requirements, 
783, 1103 

pressure and; 1105 
high, system, 24 

pumping station requirements; 1107 
underwriters and, 984 

storage and; 1105, 1108 
elevated, 782 
ground reservoirs, 701 

waier supply and; improving, 699 
reliability, 1107 

Fire protection, private; rates for, 943 
services, detector meters and, 601 


Fish; see Bass; Goldfish; Mosquito; 
Trout 

Fish Creek, Cal.; forest and stream 
flow study, 1082 

Flood; forest and, 1057, 1084 
National Resources Committee, 


i studies, 1267 
= New York State—1935, 1 
1936 ; typhoid and, 
1843 
water supplies and, 1835 
Se West Virginia, 1936, water supplies 
and, 1846 
gee:~ Grand River; Kansas City; 
Water works 
Florida; waters, fluorine in, 1042 
Florida Section; 10th meeting, 658 
Fluorine; in body, fate of, 1462 
bone structure, weakening and, 648 
content, permissible, 650, 1463 
determination; 1064, 1456, 1465 
interfering substances, separa- 
tion by steam distillation, 
1461, 1466. 
removal, 1067 
in water; 1042, 1064 
bibliography, 1067 
origin of, 1066 
see Iron determination; Teeth 


gitivad? 


Fluorosis; see Teeth iam 
Flushometer; see Water closet 
Fly; control, 1477 é 


Forests; cholera and, 1053 
municipal, 1059 
rain, percentage reaching ground, 


0 

ae soil of, absence of pathogenic bac- 
teria in, 1053 

transpiration loss, 1087 

water resources and, 1051 

see Fiood; Runoff; Soil; 
Stream 


Spring; 
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Formate broth; see Bac. 
terium coli test 

Fort Caswell, N. C.; ground water 
pollution investigation, 1954 

Fort Dodge, Ia.; filter; contro] 
panel, 1546 

pipe gallery, 1543 

Fort Pierce, Fla.; treatments em- 
ployed, 1017 
water works, welcome sign and, 

1613 

Fort Wayne, Ind.; softening and 
coagulation data, 1946 

Fountain; see Drinking fountain 

Fragilaria; copper sulfate, dosage 
and, 166, 168 

Frankfurt, Germany; corrosiveness, 
limestone contact bed and, 1514 

Franklin, N. J.; typhoid epidemic, 
cross connection and, 1888 

Frost; see Fire hydrant; Main; Meter; 
Pipe, cast iron; Services; Soil 

Fuchsin; see Bacte rium coli test 

Furstenwalde-a-Spree, Germany; 
iron removal, 1590 


Gallionella; in water supply, 258 
Gas; -liquid equilibrium laws, 513 
Gas and coke works waste; see 
Chlorination, taste and odor 
Georgia; stream flow and 
quality data, need of, 1977 


water 
Glendive, Mont.; softening plant, 
operating experiences and costs, 
932 
Gnat, black; control, 1476 = 
Goiter; iodine and; 1041 
form of and, 1042 : 
see lodization 
Goldfish; silver and, 503 
Goshen, Ind.; elevated tank, savings 
and, 780 
Grand Rapids, Mich.; softening and 
coagulation data, 1946 
Grand River (Ontario); floods and; 
1117 
impounding reservoirs, proposed, 
1119 
water supply and, 1120 
Greensboro, N. C.; meter box lock, 


1620 

Greenwich Water Co.; manganese 
removal, 1018, 1907 

Griffin, Ga.; coagulation, alum and 
carbon, 1624 


Ground; see Electric circuit; Soil 
Gunite; see Pipe, steel 


Hackensack Water Co.; copper sul- 
fate and carbon treatments, 1020 
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delinquent accounts, attorney sys- 
tem of collection, 1669 
employees’ suggestion box, 1020, 
1624 
Hagerstown, Md.; drinking water 
cooler with exposed meter in busi- 
ness office, 1624 
Haguenau, Alsace; cholera, freedom 
from, 1054 
Hamilton, Mont.; well development, 
269 
Hamilton, Ont.; filtration plant, 57 
Hanover, Germany; iron removal, 
1590 
Hardness; acceptable degree of, 1112 
distribution in United States, 764 
health and, 1039 
kidney stones and, 1039 
losses due to; 471 
boilers and, 1112 
monetary equivalent, 1222 
see Boiler; Railroad; Soap; Soften- 
ing 
Health: hardness and, 1039 
iron and, 1041 
mineral salts, physiological effects, 
1038 
silver and, 503 
see Disease; Water quality 
Helena, Mont.; water system, earth- 
quakes and, 908 
Hetch Hetchy; see San Francisco 
High Point, N. C.; filter sand clean- 
ing, 1018 
manganese removal, 1019 
Hillburn, N. Y.; black alum treat- 
ment in reservoir, 1866 
Holland, N. Y.; hydrogen sulfide 
removal, aeration and chlorination, 
1862 
Holyoke, Mass.; water supply, rain- 
fall and stream flow and, 202 
Hospital, cross connections; 242, 936 
survey, 227 
Hot Creek (California); water, boron 
content, 1453 
Hotel plumbing; conventions; A. 8S. 
C. E., certification and, 216 
A. W. W. A., certification and; 
216, 243 
committee report, 251 
procedure, 244 
cross connections; amebiasis and, 
214, 243 
survey, 227 
Houston Lighting and Power Co.; 
customer accounting, 389 
Hydrant; see Fire hydrant 
Hydraulic jump; mixing and, 1523 


model studies, increas- 
ing use of, 1610 
Hydrogen-ion concentration; adjust- 
ment; lime and, 1568 
soda ash and, 2002 
determination; accuracy, 1511 
recorder and, 796 otk 
softening, zeolite and, 1514 se 
temperature and, 1512 
see Acidity; Boiler corrosion; Coag- 
ulation; Color removal; Corro- 
siveness; Pipe, cast iron; etc. 
Hydrogen sulfide removal; aeration 
and chlorination, 1862 


Ice manufacture; water sterilization 
with silver and, 496 
Idaho; water; resources, 1270 
supplies; data, 106 
fluorine, mottled tooth en- 
amel and, 107 
Illinois; P. W. A. water projects, 1022 
ee Section; 1936 meeting, 659, 
11 
Indiana; frost troubles, 1935-6, 1062 
water works superintendents, fre- 
quent changes and, 693 
Indiana Section; 1936 meeting, 657 
report of committee on collection 
of accounts, 709 
Indianapolis Water Co.; ; apartment 
house demand studies, 884 
pumping stations; coal consump- 
tion, determining, 992 
ultimate development studies, 


984 
tank, elevated, 784 Anta 
Infiltration gallery; 1923 
on lake shore, 1932 Nas 
problems and, 1913 198 ai 
roots and, 1925 shit wi 


Intake; 1933 
communication, radio phone and, 
1623 
pipe, cast iron, 1934 
Iodine; content of water supplies, 
1230 
see Goiter 
Iodization; Rochester, N. Y., goiter 
reduction and, 28 
Iowa; evaporation, 196 
rainfall, 196 
water supplies, impounded, 
drought and, 194, 202 
Iron; content, permissible, 1112 
determination, thiocyanate and, 
fluorides and, 1458 
difficulties due to, 1480 
health and, 1041 
- impounding reservoir and, wasting 
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from bottom vs. over spillway, 
1862 
see Chlorine, free, determination 
Iron carbonate; see Iron removal 
Iron, cast; electrical resistance, 857 
see Pipe; Services 
Iron chloride; ferric, feed, 1534, 1869 
see Coagulation; Color removal; 
Softening 
Iron hydroxide; ferrous, solubility, 
1586 
Iron removal; aeration and; 1581, 
1584 
and base exchange, 
system, 1925 
_ splash-tray, coke and filtration, 
1902 
alum and, 1577 
Birm and, 1490, 1493 
chlorination and, 1581 
coal coated with oxides and, 1490, 
1493 
ferrous carbonate precipitation 
with lime in closed system with- 
out aeration, 1577, 1903 
filtration; coating of oxides and; 
1489, 1490 
artificial and, 1489 
shavings and, tin oxide impreg- 
nation and, 1590 
iron and lime coagulation and, 1902 
lime and; 1577 
and alum, 1489, 1579 
softening and, 1590 
manganese dioxide and, 1492, 1496 
organic matter and, chlorine or 
permanganate and, 1902 
pyrolusite and; in aerated beds, 
1490 
in aerator trays, 1489 
in filters, 1490, 1494 silane 
soda ash and, 1577 
sodium hydroxide and, 1577 
zeolite and; 1903 
manganese; 1485, 1493 
oF regeneration, permanganate 
“ required, 1486 
softening and; 1483 
over-run method, 1485 
Iron sulfate; feeding, improving by 
carbon addition, 1019 
see Coagulation; Iron removal; 
Manganese removal; Softening 
Iron, wrought; electrical resistance, 


pressure 


see Pipe, wrought iron; Services 
Irrigation; stream pollution and, 913 
water; boron and, 1450 
requirement, municipal con- 


sumption and, similarity, 1234 


Ithaca, N. Y.; taste and odor, carbon 
addition and, 1864 


Jamaica, N. Y.; Crenothrix, chlorina- 
tion, ammonia and, 1867 
taste, superchlorination and, 1863 
Jaundice; spirochaetal, leptospirae in 
water and, 1049 


Kansas; fluorine content, permissible, 
State Board of Health and, 650 

Kansas City; flood protection, Na- 
tional Resources Committee study, 
1274 

Katadyn; see Silver 

Kentucky-Tennessee Section; 
annual meeting, 806 

Kidney stones; water hardness and, 
1039 


11th 


Laboratory; traveling, 1622 
see Water analysis 
Lachine, Que.; pitometer water waste 
survey, 1937 
Lawn irrigation; rates and, 943 
Lead; electrical resistance, 857 
see Services 
Leadite; see Pipe, cast iron 
Leakage; detector, new type, 1619 
elimination, economy and, 406, 
1097 
large, without surface indication, 
104 


survey; cost, 405 
meter and hose system, 103 
permanent gaging points and, 
941 


procedure, 408 
results, 405, 409, 1010, 1937 
see Main; Waste 
Leptospirae; chlorination and, 1049 
jaundice and, 1049 
Lime treatment; feeding and, 1534, 
1558, 1589 
sterilization and, 917, 933 
see Acidity; Carbon dioxide re- 
moval; Coagulation; Color re- 
moval ; Corrosiveness; Hydrogen- 
ion concentration; Iron removal; 
Manganese removal; Softening; 
Turbidity 
Limestone; see Carbon dioxide re- 
moval; Corrosiveness 
Lindsburg, Kans.; Diesel 
drive, 124 
London, England; Kempton Park 
filter plant, 1542 
Los Angeles, Cal.; bookkeeping and 
billing, tabulating equipment and, 


engine 
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chlorination, residual 
automatic, 1742 

consumption, 1210 

copper sulfate treatment, scatter- 
ing and, 163, 1471, 1472, 1858 

distribution system records, 1756 

earth dams; concrete facing, water- 
tightness and, 133 
construction, soil 

control, 134 

fire hydrants, maintenance, 190 

ground water, artificial storage by 
spreading, 1246 

mains, interference of other sub- 
structures, 185 

pipe; cast iron, fittings, 189 
steel; coating; materials, testing, 


compaction 


plant and_ procedure, 
13 
, joints, cement, 191 
rates, 1210 


valves, experiences and practice, 
180 
water supply; boron and, 1452 
fluoride and, 1459 
history, 1205 
Mono Basin and, 1210, 1238 
Owens River and; 1207, 1234 
surplus, use for irrigation; 
1232 
rates and, 1236 
Wilmington color removal plant, 
extensive modifications and, 
1868 
Los Angeles County Flood Control 
District, San Gabriel Dam No. 1; 
redesign, 1609 
soil compaction, Delmag Frog 
and, 1609 
Lubrication; of water works equip- 
ment, 730 
Lynchburg, Va.; new cast iron pipe 
line, 38 
water supply history, 38 


MacConkey broth; see Bacterium 
coli test 

Madison, Wis.; services, thawing, 
1136 

Magnesium; see Softening 

Magnetite; see Filtration 

Mains; on bridges, cork insulation 

and, 1919 

carrying capacity, tuberculation 
and, 211 

depth, 402, 841, 851, 1062 4 

dual, 191, 1919 

failures, frost and, 847, 1063 

frozen; 852, 1068 
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control, 


thawing; electric, time and cost, 
1137 


steam, portable boiler and, 


iron bacteria, removing, air and 
water flushing, 1623 

laying; contract, form of, 360 
proposals, form of, 359 
specifications and plans, prepa- 

ration, 356 

leakage, permissible, 358 

repair, emptying with air pressure 
and, 1017 

sterilization, 359, 402, 1049 

substructures, other, interference 
and, 185 

supply, flushing, 257 

vacuum in, conditions causing, 
215, 239 

see Distribution system; Financ- 
ing; Leakage; Pipe 


Manchester, Mass.; concrete tank, 


seepage and, 48 


Manganese; chemistry of, 1897 


deposition; in concrete aqueduct, 
1901 
on filter sand; and remedies, 1902 


Femoving, caustic soda and, 


1018 
re-solution of, 1902 
mine drainage and, 1902 
oxidation, chemical and by man- 
ganese bacteria, pH and, 1898 
reservoir, impounding; source of, 
in, 1899 
wasting from bottom vs. over 
spillway and, 1862 
stains on chlorinator bell jars and, 


1897 
teeth, staining and, 1041 “) 
troubles due to, 1480, 1897 = 


see Chlorine, free, determination —_ 
Manganese removal; alum coagula- 


tion at high pH, 1907 

Birm and, 1490, 1493 

coal coated with oxides and, 1490, 
1493 

filtration; coating of oxides and; 
1489, 1490 

artificial and, 1489 

iron and lime coagulation and, 796, 
1902, 1906 

lime and; alum and, 1489 
filtration and, 1019 

manganese dioxide and, 1492, 1496 

permanganate and alum, 625 


pyrolusite; in aerated beds, 1490 = 


in aerator trays, 1489 
in filters, 1490, 1494 16 been 
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splash-tray aeration, coke and 
filtration, 1902 
zeolite and; 1903 
manganese; 1485, 1493 
hi regeneration, permanganate 
required, 1486 
It softening and; 1483 
over-run method, 1485 


‘Manhan River; rainfall and runoff, 


202 


Manhole; ventilation, 1019, 1624 


- Marshalltown, Ia.; metering, 1204 
water supply, survey of properties 

not served, 1201 

Materials; inventory, 1691 

MeMinnville, Ore.; water supply, 56 

Melosira; copper sulfate and, dosage, 

168, 448, 456 
-vertical distribution, 450 


Le Memphis, Tenn.; iron and manganese 


removal, 1902 

meter and leak tester, 1765 

unaccounted for water, 1764 
Merrimac River Basin; reforestation, 

effects of, 1088 


- Meter; accuracy; minimum flow and, 


various sizes, 372, 882 
small flows and, importance, 772 
boxes; 371, 841 Pam 
lock and, 1620 
locking, advisability, 600 
castings, painting, 1021 iG 
cleaning; 1021 
phosphate and acid and, 889, 894 
corrosion, 373, 377 
dial glass, moisture on, preventing, 
775 
disc; repair, 774 
under-registration, causes, 773 
freezing, prevention by packing 
curb vaults with straw, 1136 
frozen; 837, 839, 842, 853, 1062, 1137 
damage and, charging for, 264 
responsibility and, 839 
thawing; cost, 855 
portable gasoline-fired boil- 
ers and, 854 
gear lubrication, elevated con- 
tainer and, 1021 
history, 770 
hot water damage, charging for, 
239, 264 
large vs. battery,601 = 
life, 375 


location, 841 


practice, small towns and, 54 AT. 
records, 374, 892 Ali 
repair; 264, 374, 1011 one 
need of, prevention, 369 
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selection, 370, 595, 601, 888 
size and; 371, 372 joa 
apartment houses and, 884 
minimum and, importance, 882 
required, determining, recorder 
and, 893 
testing; at consumer’s request 
charge for, 32 ‘gid em 
flow rates and, 212,374 
frequency, 264, 373,890 
machine; 1620 é 
air chamber and, 1021 
in situ; 264 
Memphis machine and, 1765 
Meter reading; 1008 
consumption, unusual, checking, 32 
frequency, 263, 392, 888 
occupants’ absence, practice and, 
887 


practice, 31, 262, 887 
routes, alternating, 392, 1008 
Metering; Bremerton, Wash., 105 
Marshalltown, la., 1204 
opposition to, overcoming, 1712 
Simcoe, Ont., 1927 
Waco, Texas, 1198 
Washington Suburban Sanitary 
District, 841 : 
Western New York Water Co., 30 
see Consumption 
Methane; removal, aeration and, 1870 
Metropolitan Water District of 
Southern California; Colorado 
River; aqueduct; canal construc- 
tion, 1614 
pump studies, 1615, 1786 
supply, use of suplus for irri- 
gation, 1238 
concrete pipe, extensive use, 1613 
see Colorado River 
Michigan, Lake; currents in, 897 
pollution, 898 
water supply and sewage treat- 
ment, relationship, 896 
Microscopic examination; concen- 
trating; Kofoid method, 452 
Sedgwick-Rafter method, sand 
for, 453 
results, expression of, areal vs. 
volumetric unit, 453 
sampling; depth, device for, 452 
plankton net, errors and, 451 
Microscopic organisms; chlorination 
and; 1470 
ammonia and, 623, 1470 
distribution; horizontal and verti- 
cal, 449 
seasonal, 448 
in distribution system, 1046 
silver and, 493, 500, 505 
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see Anabaena; Asterionella; Chlo- 

rination, taste and odor; Copper 

sulfate treatment; Filtration, 

rapid sand; Filtration, slow sand; 

Fragilaria; Melosira; etc. 

Middletown, N. Y.; watershed im- 
provements, 

Milford, Conn. ; see New Haven Water 
Co. 

Milk plants; cross connections and, 


8 
icles, Wis.; filter gravel, depth 
and size, 1878 
street substructures, control, 188 
valves, butterfly, 1618 
water supply and sewage disposal 
situation, 901 
Mine; abandoned, sealing, progress, 
767 
waste; manganese and, 1902 
pollution, 748 


Mineral content; physiological ef- 


fects, 1038 
see Water analysis 
Minnesota; rate regulation, 1699 — 
Mississippi River; water composition — 
at New Orleans, 538 - 
Missoula, Mont.; water supply and — 
consumption, 266 
well development, 267 
Missouri Valley Section; 1935 meet- 
ing, 656 
1936 meeting, 1795 
Mixing; aeration and; 1944 
compressed air and, 1524, 1870 
basin, baffled; 539, 1523, 1904 
progressively decreasing velocity 
and, 794 
devices; census, 1524 © yy, 
maintenance, 1573 
flash, 59, 1526, 1877, 
flocculator and, 59, 1526, 1593, 1877 
hydraulic jump and, 1523 
mechanical; 609, 628, 750, 1525, 
1527, 1870 
basin dimensions, 1525 
first use of, 1525 
straight line, 1526 
pumps and conduits and, 1523 
spiral flow, 1524, 1877 
spirovortex pump and, 1529 
Turbo, 1870 
see Coagulation; Color removal; 
Softening 
Monongahela River; hardness vari- 
ations, 748 
pollution, mine waste and, 748 
ont of, experiences, 748 
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Montana; railroad supply problems, 
912 
water resources, 1270 

Montana Section; 1936 meeting, 809 
Henshaw Cup award, 1808 

Morris Dam; see Pasadena, Cal. — 

Mosquito control; 1474 Wah 
fish and, varieties, 1476 bien 

Motor; see Electric motor of wer 

Mount Vernon, IIl.; manganese re- 
moval, 1489 

Miinchen-Gladbach, Germany; iron 
removal, 1590 


National Resources Committee; pol- 
lution, Special Advisory Com- 
mittee; recommendations 764, 1266 

study, 1264 
Water Resources Committee; ac- 
tivities; 759, 1252 
discussion of, 1282, 1629 
arid and semi-arid West, prob- 
i lems and, 1268 
basie information, collection of, 
1259 
drainage basin studies, 1275 
federal and state activities, co- 
ordination and, 1261 
flood studies, 1267 
objectives, 1069 
origin and personnel, 1258 
program, future, 1275 
specific studies, instances of, 1272 
water works statistics, collec- 
tion of, 1271 

Navicula; in reservoir, 177 

Nebraska; water resources, 1270 

Nevada; water resources, 1270 

New England; impounding reservoir 
requirements, 201 

New England Water Works Asso- 
ciation; pipe line friction coeffi- 
cients, committee report, 1293 

New Haven Water Co.; reservoir, 
copper sulfate and carbon treat- 
ment, 1865 

New Jersey; coastal waters, pollu- 
tion, interstate agreement and, 
766 
northeastern, history of develop- 

ment of use of water, 973 
State Dept. of Health; cross con- 
nections, supervision, 1885 
water supplies, supervision, 1887 
well drilling and drillers, legisla- 
tion and, 2008 

New Jersey Section; 1936 meetings, 
656, 1794 

New Martinsville, W. Va.; flood of 
1936, water works and, 1853 


882 
‘order 
juest, 
; 
= 
1765 
32 
and 
i2 
5 
2 fs 
Lary 
, 30 
870 
ado 
3 
~ 
8, 
ta : 
4 


New Milford, N. J.; see Hackensack 
Water Co. 
New Orleans, La.; purification; and 
plant extensions, 537 
and pumping cost, 541 
New Rochelle Water Co.; manholes, 
ventilation, 1019, 1624 
meter repair, 1021 
New York, N. Y.; Croton Reservoir, 
copper sulfate treatment, 1860 
iron removal without aeration in 
closed system, Flushing plant, 
1577 
pipe corrosion experiments, 1517 
street substructures, control, 188 
tunnel, new, 1617 
water supply, manganese and, 1901 
New York Section; 1935 meeting, 271 
1936 meetings, 656, 1794 
New York State; carbon, extent em- 
ployed, 1863 
chlorination and chlorine and am- 
monia, extent employed, 1861 
coastal waters, pollution, inter- 
state agreement, 766 
flood of 1985; damage and, 3 
rainfall and streamflow during, 1 
unemployment compensation, 1727 
water; bills, non-payment, service 
discontinuance, law and, 36 


supplies, iron and manganese 
and, 1900 

works, construction with federal 
aid, 330 


Newark, N. J.; chlorine-ammonia 
treatment, 1349 
steel pipe line; cleaning and lining; 
with bituminous enamel, 1350 
with cement, 1013, 1352 
tuberculation, capacity loss and, 
1349 
water quality, 1349 
Newport News, Va.; Lee Hill pump- 
ing station, electrification, 116 
Nitrite; see Chlorination; Chlorine, 
free, determination 
Norfolk, Va.; pump lubrication, 735 
North Carolina; Coastal Plain, ge- 
ology of, 484 
drought, 482 
rainfall, 479 
North Carolina Section; 1936 meet- 
ing, 1797 


North Dakota; water resources, 1270 


- North Jersey District Water Supply 
Commission; Wanaque Reservoir, 
manganese and, 1902 
Wanaque supply, 978 


Northern Pacific Railway Co.; Mon- 


tana supply problems, 912 
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Oakley, Idaho; water supply, fluor 
1064 Pply, Huorine 
or; carbon addition and; dos 
required, 523 ; 
ozone, coagulation and filtration 

superchlorination, ammonia. 
chlorine and aeration, com- 
parison, 524 
-free water, preparation, 510, 1623 
hot and cold, ratio, 512 
removal methods, comparing, pro- 
cedure, 524 
threshold value, acceptable, 1856 
see Chlorination, taste and odor; 
Taste and odor 
Odor determination; 1855 
accuracy, 519 
air dilution method; 513 
osmoscope and, 5138, 1856 
bibliography, 527 
glassware, care of, 511 
metals and, interference, 511 
nose-piece and, 509, 1856 
results, expression of; pO scale, 521 
threshold number and, 508 
water dilution method; air-water 
ratio, importance of constant, 517 
gas-liquid equilibrium laws and, 
513 


improved procedure, 507 
repeated tests on same sample, 
inadvisability, 519 

Ohio; mine sealing, progress, 767 
rate case regulations, 1701 

Ohio River water; B. coli limits for 
various treatments, 768 

Oklahoma City, Okla.; meter prac- 
tice, 370 

Oligodynamic action; discovery, 493 
see Copper; Silver 

Oneida, Y Y.; impounding reservoir, 
wasting from bottom and, 1862 

Oneonta, N. Y.; activated alum and, 
1018 

Oocystis; copper sulfate and, 177 

Oregon; water resources, 1271 

Ortho; neglected for indexing pur- 
poses 

Oshkosh, Wis.; taste and odor, car- 
bon and, 1864 

Osmoscope; see Odor determination 

Owens River; water, boron content, 
1453 
see Los Angeles 

Oxygen; solubility in water, 514 

Oxygen consumed; carbon filtration 
and, 2003 

Oxygen dissolved; reduction in cor- 
roding pipe system, 797 
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fluorine 
dosage 
I tration 
mMmMonig- 
n, com- 
10, 1623 
ng, pro- 


» 1856 
d odor; 


see Boiler corrosion 
Ozone; see Odor oat 
Pacific Northwest Section; 9th an- 
nual meeting, 809, 945 
Paint; purchasing, 643 
see Concrete; Fire hydrant; Pipe 
coating; Tank 
Pandorina; copper sulfate and, 177, 


Paper; and pulp manufacture from 
slash pine, water quality and, 1975 
waste, interference with alum coag- 

ulation, 1591 

Parkersburg, W. Va.; flood of 1936, 
water supply and, 1349, 1851 

Pasadena, Cal.; copper sulfate treat- 
ment by spraying, 1471, 1472 
Morris Dam; low-heat cement and, 

1606 

site, exploratory work and, 1606 
Morris Deena plankton con- 

trol, 44 

Passaic Valley Water Commission; 
meter testing machine, 1620 

Paterson, N. J.; see Passaic Valley 
Water Commission 

Pennsylvania; flood; typhoid and, 
1843 

water supplies and, 1835 
typhoid, 682 
water rates, 569, 570, 572 

Penstock ; welded steel, of unpre- 
cedented size and thickness, 1612 

Peoria, Ill.; pollution abatement, 767 

Pepperell, Mass.; Diesel drive, costs, 
125 

Permanganate; feed apparatus, 1626 
see Iron removal; Manganese re- 

moval 

Phoenix, N. Y.; Crenothrix, chlorine- 
ammonia treatment and, 1867 

Pipe; connections, 45°, making under 
pressure, 1618 
ne; painting, aluminum 
and, 16 
to diter plant, surge and flood 

prevention, 1876 
obsolescence and, 209 
Pipe, asbestos-cement; see Pipe, 
cement-asbestos 
Pipe, cast iron; anchor clips, tests 
of, 655 
breaks, frost and, 837 
centrifugal, sizes, wider range 
and, 1611 
fittings; long vs. short, 652, 654 
Los Angeles or short pattern, 190 
joints; Leadite, 41 
tests of, 651, 654 


4s 


_ laying inside old wooden main, 104 
line; construction, 39 
afi cost, 42 
friction coefficient; age and, 1333 
of cement-lined, 1342 
cleaning and; 1300 
permanence and, 1300 
of tar-coated, age and; 1293, 
Trudy pH and, 1293, 1297 
Williams-Hazen tables, 
accuracy, 1293, 1296 
in typical American cities, 
1304 
specifications, sectional committee 
report, 651 
strength, high, 1612 
see Pipe, cement-lined; Pipe coat- 
ing; Pipe joint; Services 
Pipe, cement-asbestos; Transite; 1612 
friction coefficient, 1342 ; 
see Services 
Pipe, cement-lined; cost, 1346 
friction coefficient; 1297, 1345 
age and, 1298 
see Pipe, cast iron; Pipe coating; 
Pipe, steel; Pipe, wrought iron; 
Services 
Pipe coating; bitumastic, cost, 1346 
developments, 1612 
exterior, condensation-proof, 1624 
interior; application, in situ, 1299 
bitumastic enamel; centrifugally 
applied; friction coefficient, 
1298 
thickness, 1298 
friction coefficient, age and, 
1299 
improved, economic significance, 
1344, 1369 
Talbot, friction coefficient, 1342 
mortar, early use of, 1995 
tar dip, economic justification, 
1345 
see Pipe, cast iron; Pipe, cement- 
lined; Pipe, steel 
Pipe, concrete; friction coefficient; 
1301, 1342 
age and, 1302 
line, subaqueous, flexible joints, 
1613 
pre-cast, large, 1613 
see Aqueduct; Concrete 
Pipe, copper; use in new filter plant, 
1557 
see Services 
Pipe flow; friction coefficient, air 
pockets and, 1342 
see Pipe, cast iron; cement- 
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Pipe, wrought iron 
_ Pipe, galvanized; alumina deposits 
and, 752, 753 
lime and, reaction, 753 
Pipe joint; cement; cost, 1770 
leakage, 1771 
procedure, 1769 
sulfur-containing compounds, bac- 
terial attack, 1046 
___ see Pipe, cast iron; Pipe, steel 
Pipe, lead; see Services 
Pipe locator; new type, 1619 
Pipe, steel; cement lining, in situ; 
1015, 1352, 1360 
cement, characteristics, 1365 
mix, 1015, 1365, 1366 
sand, characteristics, 1365 


thickness, 1016, 1352 

time and, 1016, 1364 

water-cement ratio, 1367 
coating; coal tar vs. asphalt, 1372 

1393 

coal tar enamel; application; 
- centrifugal; 1394, 1401, 1407, 

as plant, 1395 

. to exterior, 1402, 1409, 

1418 
by hand, 1393 

handling of coated pipe, 1419 
heating and, 1416 
new type (plasticised), 1373 
priming, spray gun and, 1400, 

1415 


surface’ preparation, air 
+ blasting, steel grit; 1398, 


i oil and grease removal 
and, 1414 

5 thickness, 1402, 1403, 1418, 


lining; Bitumastic enamel, spun, 
ls thickness, 1613 
with bituminous enamel in 
situ; 1351 
moisture 
tre prevention, 135 
gunite and, 1556 
soil stress resistance, increasing, 
whitewash and, 1390 
sun, protection from, whitewash 
and, 1390, 1403 
testing; 1375 
bend test, 1377, 1385 
heating procedure, impor- 
rig tance, 1380 
place, electric flaw detec- 
tor and, 1391, 1411 


condensation, 


lined; Pipe, concrete; Pipe, steel; 


steam curing, 1016, 1363 “ 


iy 


soil stress test, 1378, 1381, 
1386 

stripping test, 
1388 


1378, 1381, 
“he 
temperature, low and high, 
tests, 1383 
corrosion; pitting and; 1349 
repair by welding, 1354 
tubercles; bacteria and, 1350 
composition, 1350 
tuberculation, capacity loss and 


1349 ‘ 
developments, 1612 
joints, cement, 191 tg 


line; cleaning; hand scraping and; 
1351 


ventilation and, 1351 
machine and; 1014, 1354 
aera, vs. hand, cost and, 1360 
permanently removable sec- 
tions and, 1013, 1354 
friction coefficient; 1301 
age and, 1340 
cement lining and, 1367 
cleaning and, 1367 
lock bar, inserting large valve 
under pressure, 1618 
subaqueous, encased in concrete, 
1613 
see Electrolysis; Penstock; Services 
Pipe, Transite; see Pipe, cement- 
asbestos 
Pipe, wood-stave; 
ment, 39 
mains, replacement, 100 
see Chlorination, taste and odor 
Pipe, wrought iron; line; cement- 
lined, friction coefficient, 1298, 1345 
old, 23 
see Services 
Pitometer; see Distribution system; 
Leakage 
Pittsburgh, Pa.; flood, prediction re, 
1846 
pumping stations, electric, con- 
trol systems, 583 
typhoid, flood and, 1843 


line, replace- 


Pittsburgh-Des Moines Steel Co.; 
paints for tank interiors, tests 
of, 646 


Plattsburg, N. Y.; reservoir improve- 
ments, 337 
Plumbing; cross connections and; 
235, 242 
education of public re, 697 
health department’s responsi- 
bility and, 696, 935 
prevalence, 241 
service check valves and, 236 
siphonage and, 215, 247, 935 
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types, 221, 237 
and, 231 

dual supplies and; city supply 
through tank and, 71 
distinctively colored piping and, 

71, 249 

filter in private building, dysentery 
outbreak and, 237 

health hazards, survey; 214 
cost, 218 

vacuum in piping systems; 229, 248 
prevention, check valves and, 229 

see Cross connections; Hospital; 
Hotel; Milk; Water closet 

Pneumatic; see Tools 

Point Pleasant, W. Va.; flood of 1936, 
water works and, 1853 

Pollution; B. coli limit for various 

treatments, 768 

control, federal, A. W. W. A. 
resolution re, 806 

interstate, compacts and, 765 

Lake Michigan and, 898 

legislative committees on, A. W. 
W. A. representative’s appear- 
ances before, 1072 

Special Advisory Committee of 
National Resources Committee; 
recommendations, 764, 1266 
study, 1264 

Pollution, industrial wastes; 1630 

control, coéperation and, 767 

see Gas and coke works; Mine; 
Paper 

Pollution, stream; control, progress, 

766 

irrigation and, 913 

Port Jervis, N. Y.; color reduction 
by drainage of swamps, 1857 
copper sulfate treatment, 1860 

Port Stanley, Ont.; water supply 
problems, 1931 

Portage, Wis.; Diesel engine drive, 
costs, 124 

Portland, Me.; filtration through 
magnetite, 1621 

Potassium permanganate; see Per- 
manganate 

Potomac Electric Co.; rate regulation 
plan, 1698 

Power; see Electric; Engine; Pump- 
ing station 

Pressure; dead end elimination and, 


782 

elevated tank and, 782 109 

fire; engine and, 1106 i 
protection and, 1105 oa 


mains, friction coefficient and, 1370 
Providence, R. I.; manganese re- 
moval,1902 
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Public relations; 1716 
department, personnel and, 1718 
drinking water cooler with exposed 

meter in business office, 1624 
welcome sign at plant and, 1623 
see Complaints 

Public Works Program; P. W. A. 
water projects in Illinois, 1022 
W. P. A. and water works oppor- 

tunities, 1032 

Publicity; methods, 1168, 1200 
value, 55, 684, 1167 

Pump; check valves, tilted disc vs. 
hinged gate, loss of head and, 6 
developments, 1614 
pressure switch, automatic, 7 
steam-driven, lubrication, 732, 736 
see Well 

Pump, centrifugal; Colorado River 
aqueduct units; mechanical fea- 
tures, 1789 

studies, 1615, 1786 
drive; electric; 111 
constant pressure variable 
speed motor and, 114 
efficiency, 117, 868 
speed variation, methods; 869 
variable speed hydraulic 
coupling and, 870, 874 
steam, high pressures, savings 
and, 875 
variable speed, savings and; 869 
steam vs. Diesel vs. electric, 
870 
shaft deflections due to unbalanced 
radial forces on pump runner in 
open volute casing, 1788 
see Bearing 

Pumping station; cleanliness, im- 
portance, 999 
development, ultimate, study of, 


984 
drive; Diesel; advantages, 124 
economies and, 119 
operating cost; 121, 123, 125, 
126 


compared with steam, 
125 
suitability, caution and, 122 
electric; advantages, 108 
control; automatic; 113, 586 
float switch and, 
1171 
pressure or hydro- 
static, 1174 
tine cloek and, 1177 
methods, 583 
remote; 588 * 
direct wire, 589, 592 
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BAY cost, 591 
é cost; initial, 110 
X operating, 118, 126 
Joad factor and, 879 
motor, selection, 111 
protection equipment, 584 
a pump selection, 108, 115 
te natural gas engines, 1928 
. steam; boiler make-up meter, 
value, 994 
coal consumption, determin- 
ing, 992 
discharge meter, indispensa- 
bility, 996 


instruments and, 991, 994 
load factor and, 989 

records and, 990, 997 
equipment, selection, 984 

fire protection requirements, 984, 


1107 
maintenance, 987 te 
new, 57 yoke, 
obsolescence and, 212 
operation; cost, elevated tank 

and, 779 


economy and, 1099 
efficiency and, 983 

see Boiler; Electric motor; Engine; 
Well 

Purification; B. coli limit for various 

processes, 768 

calculations, slide rule for, 1625 

control, improper, typhoid and 
dysentery and, 694 

plant, design, experimental plant 
and, 1872 

sewage treatment and, 
ship, 896 

see Chlorination; Filtration; Man- 
ganese removal; Silver; Soften- 
ing; Sterilization; etc. 

2 Pyrolusite; see Manganese removal 


j Quincy, Ill.; services and mains, 
thawing, 1136 


Racine, Wis.; water supply 
sewage disposal situation, 903 
Railroad supplies; corrosion pre- 

__-vention, sodium hydrate causticity 


relation- 


and 


= softening; lime-soda, alum and 
ee, a sodium aluminate and, 915 
ee savings and, 472, 917 
a ot tubes and flues, life of, extension 
and, 914 
zeolite, 915 


see’ Boiler’ 


supervisory; 589, 880 oe tenn of 1934; Iowa and, 
1 


water supplies and, 194 
North Carolina, 482 
Iowa, 196 
New York State flood and, 2 
North Carolina, 479 
Rochester, N. Y., 27 
see Runoff 
Ralston Creek; 
197 
Rates; ability to pay as basis, in 
Great Britain, 211 
cases, procedure, trend toward 
simplification, 1696 
electric schedules, diversified, and 
their application to water, 567 
industries, concessions to new, 941 
lawn irrigation and, 943 
Los Angeles; 1210 
irrigation and, 1236 
making of, 52, 379, 938 
minimum bill and, 388, 568, 581, 
1198 
peak,’’ 581 
Pennsylvania, 569, 570, 572 
schedules, complicated, inadvis- 
ability, 582, 944 
Seattle, 941 
service charge and, 568, 939 
summer reduction, 1 
Waco, Tex., 1198, 1200 
West Virginia, 571 
see Fire protection; Fire protec- 
tion, private 
Reaction velocity; temperature and, ° 
1513 
Records; operating, importance, 1001 
see Distribution system; Meter; 
Pumping station; Services; etc. 
Red River of the North; National 
Resources Committee study, 1274 
Reforestation; see Forest 
Refrigerator; cross connections and, 
236, 936 
Rensselaer, Ind.; service contracts, 
bank draft provision and, 1138 
Reservoir; abandoned, conversion to 
stadium, 1623 
distribution, open; contamination 
and, 1045, 1047, 1048, 1049 
obsolescence and, 210 
filtered water, new, 62, 1880 
impounding; design, fundamental 
considerations for Middle West, 
193 
drawing from different levels 
according to quality, 1862 
evaporation loss, 196 
recreational use, 208 


rainfall and runoff, 


: 
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wasting from bottom vs. over 
spillway, 1862 
see Copper sulfate treatment; Coro- 
hium; Evaporation; Mosquito; 
torage 
Rhinebeck, N. Y.; Crenothrix, copper 
sulfate and, 1867 
Rhode Island; water supplies, fluor- 
ides and, 1064 
Richmond, Va.; ammonia, ton con- 
tainers and, 1621 
carbon treatment, 1864 
coagulation; chlorinated copperas 
and, 1594 
floceulators and, 1526, 1593 
paper waste, interference and, 
1591 
prechlorination, benefits, 1593 
raw water preparation, improve- 
ments, 1591 
Ridgewood, N. J.; well drilling, 2005 
Rochester, Minn.; meters, reading 
and servicing, 262 
Rochester, N. Y.; Holly fire sys- 
tem, 24 
iodide treatment, 28 
meteorological and _ hydrological 
records, 27 
rainfall and evaporation, 27 
telegraph system, early, 26 
water works, pioneering and, 22 
wrought iron pipe line, early, 23 
Rockaway, N. J.; typhoid epidemic, 
cross connection and, 1888 
Rocky Mountain Section; 1936 meet- 
ing, 1793 


Hill Cup award, 1808 
Runoff; forest and, 1056, 1079 
rainfall and, 197 iy) 


Sacramento, Cal.; mixing; 1602 
mechanical, 1525, 1526 
spirovortex pump and, 1529 
Sacred Heart Hospital, Tomahawk, 
Wis.; iron and manganese removal, 
1491 

Saint Louis, Mo.; plumbing, health 
hazards, survey, 214 

Saint Paul, Minn.; trunk line survey, 
408 

Sampling apparatus; for composites, 
automatic, 1627 
simple, 1621 

San Francisco, Cal.; copper sulfate 
treatment; 1470 

by spraying, 1471, 1859 

cross connection survey and elimi- 

nation program, 234 

dysentery in building equipped 

with filter, 237 a 


mains, vacuum and, 239 ' 
meters, damage by hot water, 239 


steel pipe line, Bay crossing, 1613 
water supply; chemical quality, 
1220 


Hetch Hetchy project; 1211 
1218 
Cfenothrix, chloramine and, 
1280 
dam, height, increase and, 
--: power production and, 1224 
tunnel seepage, 1218, 1220, 
1230 


iodine content, 1230 
shrimps and, 1478 
San Gabriel Dam; see Los Angeles 
County 
Santa Anita Creek, Cal.; forest and 
stream flow study, 1082 
Saratoga Springs, N. Y.; taste and 
odor, carbon and, 1864 
water supply history, 1994 
Seattle, Wash.; fire hydrants, paint- 
ing, 1800 
rates, 941 
Sedimentation; tubidity removal, 538 
Se basin; clarifier and; 
6 
peripheral weir and, 634 
detention period, 538, 627 
see Coagulation basin 
Seneca Falls, N. Y.; algal tastes, 
carbon filtration and addition and, 
1863 
Services; asbestos pipe, 599 


cast iron, 597 
cement-lined, old, 1845 
check valves on, 236 (youll 
copper; 101 
cost, 598 
installation, boring and, cost, 
1919 


joints, 598 
corrosion, enclosing in conduit 
and, 597 
depth and, 838, 841, 852, 1062 
frozen; 837, 843, 852, 1062, 1137 
damage, materials, comparison, 
866 
thawing; air, heated, and, 1136 
charging for, 862, 1136, 1137 
cost, various methods, 863 
electric; 838 id 
cost, 1137 
current required, 857 _ 
generator, gasoline- 
driven, 854, 859 
hazards and, 844 
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lead and. 865" melting 
7, 865 

wires, size, 858 
and, 846 

meter, removing prior 

Lig] ve to, advisability, fire 
a 


origin "of, 1135 
bis vaiouand time and; 838, 845, 858 


various materials 
bane and, 856, 859 
welding machine and, 
844, 1136, 1137 


= motor car exhaust and, 1136 


steam and; 1136 
cost, compared with elec- 
tric, 855 
‘portable gasoline-fired 
boiler and, 854 
torches and wood fires and, 


wasting after, charging for 
the water and, 864 

lead, 598, 852 

materials, selection, 595 

ownership, 908 

records, 34, 738 

steel, 597 

valves, 599 

fat wrought iron, 597 

see Fire protection, private 

Sewage treatment; capital cost, 907 

water purification and, relation- 

ship, 896 

Wis.; frost difficulties, 

11 


water supply, 1114 
Shrimp; see Corophium 
Silver; adsorption by glass from 
water, 1988 10 
Daphnia and, 502 
determination, 497 
goldfish and, 503 wal 
microérganisms and, 493, 500 
Spirogyra, 493 al 
water sterilization; bibliography, 


concentration and, 496, 505, 1983 
contact period and, 499, 505, 1983 
cost, 505 
health and, argyrosis and, 503 
history, 493 
Katadyn and; 494 

electro-; 494 


Baw concentration and, 499 
ha pocket apparatus, 495 
499 


organic matter and, 494 
Super-Ionite; re-activation, 1988 
tests of domestic unit, 1983 


— 


temperature and organic mat 
4 ter 
treated water, bactericidal pow. 
of, 500 
see Swimming pool 
Simcoe, Ont.; iron removal plant, 
1925 
metering and consumption, 1927 
water; cost, 1928 
supply, 1923 
Slide rule; for water purification ¢al- 
culations, 1625 
Soap waste; hardness and, 472, 639, 
801, 1222 
soft water, saving and, 1874 
softening, saving and, 639 
Social Security Act; unemployment 
compensation, pertinent consider- 
ations, 1723 
wed ‘affairs; annual convention, 
179. 
Canadian Section, 657 
Central States Section, 1793 
Florida Section, 658 
Illinois Section, 659, 1134 
Indiana Section, 657 
Kentucky-Tennessee Section, 806 
Missouri Valley Section, 656, 1795 
Montana Section, 809 
New Jersey Section, 656, 1794 
New York Section, 271, 656, 1794 
North Carolina Section, 1797 
Pacific Northwest Section, 809, 945 
Rocky Mountain Section, 1793 
Southwest Section, 1796 
Virginia Section, 142, 1797 
Wisconsin Section, 1795 
Soda ash; see Acidity; Coagulation; 
Corrosiveness; Hydrogen-ion con- 
centration; Iron removal; Soften- 
ing 
Sodium aluminate; see Color re- 
moval; Railroad 
Sodium carbonate; see Boiler water; 
Soda ash 
Sodium hydroxide; see Corrosiveness; 
Iron removal 
Sodium sulfate; see Boiler corrosion 
Sodium sulfite; see Boiler corrosion 
Softening; base exchange; 1481 
automatic, 1483 
corrosiveness and, 1514 
H-ions, removal, 1514 
iron and manganese 
and; 1483 
over-run method, 1485 
regeneration, salt consumption, 
1483 
sodium sulfate, interference and, 
914 
«914 


removal 
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zeolite, attrition loss, 1484 
cost, 473 
economics of, 469 
hardness, final, 638, 749, 932, 1484, 
1487 
lime; excess; alum and, 1946 
magnesium; coagulating ef- 


fect, 1946 
removal, 932, 1946 
and recarbonation; 932 
ole cost, 933 


soda ash and recarbonation; 


628 
alum and, 633 
earbon and, 634 


chlorinated copperas 
jo 

@dlarifier and, 628 
ferric chloride and, 634 
we sludge recirculation, 633 


sterilization and, 933 

taste removal and, 933 
ferrous sulfate and; 539 

cost, 541 

pH and, 541 
iron removal and, 1590 
settling period, 539 on 
-soda; clarifier and; efficiency, 


750 
gd sludge, solid content, 750 
diabetes and, 917 
ss mixing period and, 750 
settling period, 750 
sodium bicarbonate waters 
Si6l as source of soda, 916 
gplit treatment, 749 
sterilization and, 917 
plant cost, 473 
savings and, 473 
see Carbonation; Railroad; Soap 
Soil; erosion, forest and, 1057, 1082 
frost penetration, 837, 841, 851, 
1063 
moisture determination, plasticity 
needle and, 137 
see Dam; Forest 
South Dakota; water resources, 1270 
South Fallsburg, N. Y.; taste and 
odor, superchlorination and carbon 
filtration, 1863, 1998 
water quality, 1998 
South Pittsburgh Water Co.; taste 
and odor, 754 : 
treatment experiences, 749 
Southern Pines, N. C.; taste, black 
alum and carbon and, 1019 
Southwest Section; 1936 meeting, 1796 
Spartanburg, S. C.; red water 
troubles, 1979 
Spirogyra; silver and, -493 hae 


tania 


Springs; flow, forest and, 1054 : 
water supply and, 1913 
see Typhoid 
Steel; electrical resistance, 857 
see, Pipe, steel; Services 
Sterilization; see Chlorination; Lime 
treatment; Silver 
Stockton, Cal.; small mains, air and 
water flushing, 1623 
Storage; elevated, advantages, 778 _ 
fire protection and; 1105, 1108 | 
ground storage and, 701 a 
type selection, 1919 
see Reservoir; Tank; Water, ground 
Stream; flow; forest and; 1079 
fire and, 1081 
New York State flood and, 4 
gaging, need of, 4 > 
see Pollution; Runoff 
Sulfurie acid; see Coagulation ie, 
Sunlight; depth of penetration, 449 
Super-lIonite; see Silver 
Swimming pool; chlorine-ammonia 
treatment, method, 1625 
cross connections and, 225, 228 
salt water, color removal, black 
alum and, 1622 
scum, removing, 1622 
silver sterilization, dosage, 496, 
500 


Synura; taste, carbon and, 1865 


Tampa, Fla.; chemical solution con- 
trol device, 1624 
Tank; altitude valve and, 10 
elevated; concrete; construction, 
Hewett system, 46 
early difficulties, 45 
protection and, 782 
pressure improvement and, 782 
- pumping cost reduction and, 779 
size required, determination, 782 
painting; 640, 1920 
interior and; 644 
test, extensive, 646 


wash water; 62 “0 
concrete; construction, 45 
new, 1561, 1881 iT 


see Storage 
Taste and odor; carbon and; 1063 
black (activated) alum and; 1019 
n added to reservoir, 1866 
powdered; application; to filters 
after washing, 1019, 1864 


di point of, 632, 637, 756, 
1864 
to reservoir, 1865 


i dosage; 637, 755, 1019, 1021, 


hatter 
bower 
lant, 
927 
Cal- 
639, 
nent 
ider- 
tion, 
vast 
945 
on; 
on- 
er; 
88; 
al 
n, 


required, determination, 
1865 
chlorination, ammonia and, 1063 
coagulation, ‘iron and lime and, 1906 
Crenothrix and, 1867 
distribution system, production in 
and control, 1866 
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Corrosiveness; Hydrogen sulfide 
removal; Iron removal; Odor; 
Oxygen dissolved; Taste and odor 
Aer-O-Mix; 279 
see Aeration 
Air conditioning; cross connections 
and, 566 
water consumption and, 439, 566, 
954, 958, 1142, 1815, 2038 
Air-lift; see Bubble 
Akron, O.; algae, tastes and short 
filter runs and, 2035 
cross connections, control, 2033 
water supply, fire protection and, 
1440 
Alabama; water supply supervision, 
4 


Algae; see Microscopic organisms 

Alkali; determination, spectro- 

graphic, 1825 

Tr industry, in America, 558 
‘removal, ’ synthetic resins and, 430 

Potassium; Sodium 


II. Sussects 


A | 


Alkalinity; see Carbon dioxide; Hy. 
drogen-ion concentration; 
Alkalinity determination; 546, 547 
carbonate and bicarbonate, photo- 
electric, 1825 
hydroxide, in boiler water, accu- 
racy, 817 
All-American Canal; see United 
States Bureau of Reclamation 
Alla Sella Zerbino Dam; failure, 2017 
Alpena, Mich.; filters, rehabilitation, 
834 


Altona; cholera epidemic, 1143 
Alum; carbon-containing, 434 
conveyor, pneumatic, 288 
see Coagulation; Color removal; 
Fluorine; Iron removal; Manga- 
nese removal; Softening; Swim- 
ming pool 
Alumina; colloidal, bactericidal ac- 
tion, 1819 
see Fluorine 
Aluminum; determination; 662, 819 
hematoxylin and, 1828 
permissible concentration, 678 
protective coating formation, 1152 
see Pipe joint 
Aluminum Company of America; 
Calderwood Dam, model study, 437 
Amarillo, Tex.; customer accounting, 
2016 
meter reading and billing, 2010 
mottled tooth enamel, 151 
Amebiasis; see Dysentery; Endameba 
American Gas Association; pipe lines, 
cathodic protection, committee re- 
port, 154 
American Society of Sanitary Engi- 
neering; annual meeting, 30th, 957 
hotel plumbing and conventions, 
resolution re, 958 
American Water Works Association; 
Recovery Program and, 444 
see Committee reports; South- 
eastern Section 
Amines; see Odor 
Ammonia; determination, 823 
see Chlorination; Cylinder; Insect; 
Taste and odor 
Ammonia, albuminoid; phenol and, 
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parallel changes, 820 
see Swimming pool 
Ammonia, free; see Nesslerization 
Ammonium salts; removal, synthetic 
resins and, 430 
Ammonium sulfate; dry feed, 423 
Ammonoosuc River; pollution, 830 
Anabaena; chlorination and, 1828 
lime softening and, 2035 
taste and, 2035 a 
Analcite; composition, 1160 
see Boiler scale 
Annapolis, Md.; incinerator, 565 
Anthranol; solubility, 429 
Aphanizomenon; chlorine and, 1828 
Aquarium; sea water, purification 
and re-use, 144 
storage reservoir, hard rubber pip- 
ing and fiber pumps, 144 
Aqueduct; rock excavation and cost, 
1435 
see Conduit; Pipe; Siphon; Tunnel; 
etc. 
Arizona; ground water pollution, 
cess pools and, 832 
teeth, mottled enamel, fluorine 
and, 282 
water supplies, hardness, 1154 
Arkansas; ground waters of, 159 
Water and Sewage Conference, 159 
Army; water supplies, filter, 665 
Arsenic; lethal dose, 1159 
Artesian; origin of term, 674 
see Well 
Asheville, N. C.; chloramine treat- 
ment, 1665 
Associated Factory Mutual Fire 
Insurance Co.; main and hydrant 
thawing instructions, 144 
Asterionella; odor and, concentration 
and, 2034 
taste and odor and, 2035 
Atlanta, Ga.; consumption in apart- 
ment houses, 963 
water cooling, 281 
Atlantic Coast Line Railroad; feed- 
water treatment, 280 
Aurora, Ill.; water works and ele- 
vated storage, 1436 
Austin, Tex.; services, 2017 
Avon Lake, O.; intake, low water 
level and, 2031 
Azochloramid; bactericidal action, 
1655 
chlorine absorption by organic 
matter, rate, pH and, 1655 


Bacteria; count, standard vs. flooded 


plate, 824 £ 
dissociation, 672 
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Wars 
dyes, bacteriostatic action, 1150 
- identification in water, concentra- 
tion by adsorption on alumina 
and, 1820 
limit for swimming pools, 1656, 2015 
stalked, 672 
storage and, 828 
see Bacteriological examination; 
Filtration, rapid sand; Steriliza- 
tion; ete. 
Bacteria, colon group; differentia- 
_ tion; citrate and indole tests; cor- 
relation, 949 
methyl red test and, cor- 
relation, 1149 
intermediate strains, tests, com- 
parison, 824 
a blue reduction and, 


neutral red reaction; 948 
oxidation-reduction poten- 
tial and, 545 
tests, correlation, 833 
value in water analysis, 949, 1821 
dulcitol and mannitol and, 824 
longevity in activated sludge, 1817 
metabolic activity at different 
phases of culture cycle, 2014 
significance, sanitary, 833 
see Bacteria, lactose-fermenting; 
Bacterium aerogenes; Bacterium 
coli; Voges-Proskauer test 
Bacteria, iron; 566, 2015 


culture, 566 
see Crenothrix 
Bacteria, lactose-fermenting; in 


water of tropics, 1826 
see Bacteria, colon group 
Bacteria, manganese; 566 
Bacteria, spore-forming; chlorine 
and, 434 
Bacteriological examination; 968, 
1163 
agar plates, pouring, apparatus 
for, 2014 
bacteriophage, interference and, 
interpretation, 159 
samples, collection and transporta- 
tion, 1152 
see Bacteria; Bacteria, colon group; 
Bacterium coli test; Bacterium 
paratyphosum; Bacterium ty- 
phosum; Petri dish 
Bacteriology; see Books 
Bacteriophage; bacteriological tests, 
interference and, 551 
purification, natural, and, 551 


Bacterium aerogenes; acid produc- 
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death rate, 1821 
growth, methyl 
and, 672 
in sewage and feces, 1821 
significance in water, 949, 1821 
see Bacteria, colon group 
‘- Bacterium coli; acid production, 824 
a brilliant green, inhibitory action, 


1150 
colloidal silica, ferric hydroxide 


germanium oxide 


and alumina and, 1819 
dead and living cells, distinguish- 
ing, 824 
decrease, 
and, 442 
_ Endo medium, reaction, nature of, 
glucose fermentation, 
and, 668 

growth, methyl germanium oxide 
and, 

Katadyn and, 441, 1820 
limit for swimming pools, 
2015 

neutral red and, 824 
— Ohio filter plant statistics, 2033 
_ silver and, 1653 
 ultra- violet ray and, 1827 
- see Bacteria, colon group; Purifica- 

tion, self 
Bacterium coli test; 970 
confirmation; 1157 
brilliant green bile vs. standard 


method, 835 
citrate agar, 1149 
neutral red bile salt agar, 949 
dilution method, plate and direct 
counts, comparison, 672 
Eijkman’ test, 950, 1157 
extraneous forms and, 833 
 jiterature review, 949 


natural, humic matter 


buffering 


1656, 


Minkevitsch milk medium, 1145 

nitrocellulose filter and modified 

medium, 1153 

_ plating, direct; brilliant green bile 

r, salt agar, 833 
ferrocyanide-citrate agar, 833 


lactose-fuchsin-gelatin, 1157 
presumptive; bottle for, 1157 
i Fa brilliant green bile, 833, 1656 
Bulir neutral red mannite broth, 
1156 
crystal and gentian violet broth, 
833, 1657 
Dominick-Lauter medium, 833 
fuchsin broth, 833, 1657 
glucose broth, 1156 
ae lactose broth; 1656 
comparison with brilliant 
green bile, MacConkey’s 


bile and crystal violet 
broth, 949 
MacConkey’s bile; Dominick. 


Lauter medium and, compar- 
ison, 950 
formula, 950 
sewage, comparison of Eijkman 
test, lactose broth, buffered 
lac tose broth and Ritter, Salle, 
Dominick-Lauter, Stark and 
England broths, 2014 
standard; Prussian, 1156 
of various countries, 949 
see Bacteria, colon group; Bacteri- 
ological examination 
Bacterium mesentericus; 
and, 441 
Bacterium paratyphosum; isolation, 
1151 
neutral red reaction and, 545 
Bacterium subtilis; Katadyn and, 
441 
Bacterium typhosum; decrease, nat- 
ural, humic matter and, 442 
growth, methyl germanium oxide 
and, 672 
isolation; 1151 
study recommended, 959 
longevity in activated sludge, 1816 
in sewage, 959, 1151 
Baltimore, Md.; emergency repairs, 
1812 
microérganisms, 565 
Moore’s Run interceptor, 566 
services, thawing, 1812 
Barberton, O.; algae problems, 2034 
reservoir, dredging, 2032 
Barium aluminate; see Softening 
Barium carbonate; see Softening 
Barium hydroxide; see Softening 
Base exchange; equilibria, thermo- 
dynamics of, 828 
in geological structures and soils, 
662 


Katadyn 


see Softening 
Bathing beach; chlorination and, 959 
pollution study, 959 
see Swimming pool 
Beautification; see Water works 
Berlin, Germany; consumption, 1145 
corrosion problems, 2030 
impounding reservoirs, proposed, 
1145 
manganese removal, 1146 
sewage irrigation, 971 
Bermuda; rainfall, 432 
water supply and treatment, 432, 
1152 
Bern, Switzerland; 
taste,8I8 


chlorination 
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riolet Beverly, Mass.; new purification 
plant, 1438 
nick. Bicarbonate determination; see Alka- 
\par- linity 
Bile; see Bacterium coli test 
Billing; 444, 829, 2010 
man bill; as lien, 955 
ered tenant’s responsibility, 561 
alle, collection for water wasted or 
and wrongfully taken, 1438 
delinquents and ; 829, 970 
collection, commission basis, 1440 
payment by work, 1440 
eri- improvements, 1813 
practice, 1440, 1442, 1444 
dyn see Accounting 
| Bills Brook Dam; see Hartford, Conn. 
‘on, Bin; see Chemical 
Birm; see Iron removal 
Birmingham, Ala.; new industrial 
nd, water supply system, 1443 
Bleaching clay; see Clay, bleaching 
at- Bleaching powder; see Calcium hypo- 
chlorite 
ide Boiler; collapse, low main pressure 
and, liability and, 292 
cracks, detecting, Magnaflux 
method, 1816 
316 safety plugs, failure, causes, 1821 
see Heating system; Railroad; 
rs, Steam plant 
Boiler compound; Navy formula, 811 
Boiler corrosion; 814 
embrittlement, 1829 
and, 545 
ion concentration and, 


sulfide production from 
calcium sulfate and, 661 
oil and, 1148 


)- oxygen and, 813 
permutite treatment and, 
3, pitting, 1152 
prevention; 813 val 
alkali and, 441 stmt 


oxygen removal and;441 
thiosulfate and, 1816 
phosphate and, 661 Um 
sodium hydroxide and, 661 
see Heating system; Railroad 
Boiler feed water; calcium and mag- 
, nesium determination, micro, 1658 
line, scale prevention, 1816 
municipal treated supplies and, 834 
oxygen determination; 1147, 1816 
recorder, 1816 
in sulfite-deaerated, 1654 
treatment; deaeration, ti 
degasification, 2031 
dejector system, 1157 


lime-soda, sodium 
29 : 


softening; 1152, 1827 
base exchange; hydrogen per- 
mutite and, 662 
lime prior to, 666 
trisodium phosphate, Budenheim 
process, 1828 
see Books; Railroad 
Boiler foaming; see Railroad 
Boiler furnace; ash handling, me- 
chanical equipment, 1813 
stokers, automatic, 1813 
Boiler priming; calcium carbonate 
and magnesium hydroxide and, 557 
Boiler scale; calcium sulfate; 1152 
formation, rate, 817 
hydrogen sulfide production, cor- 
rosion and, 661 
prevention; carbonate-sulfate 
ratio and, 811, 816 
phosphate and, 661 
soda ash and, 548, 661, 817 
formation; 669 
theory, 1818 
fuel consumption and, 1152, 1818 
identification, petrographic, 669 
prevention; 1818 
carbonate-sulfate ratio and, 1828 es 
phosphate and, 1158 
seale-buoy system, 286 Abate 
soda ash and, 1158 
removal, trisodium phosphate and, an 
1822, 1829 
silica; 1152 
analcite scale, prevention and, ee 
1160 
phosphate and, 817, 1148 ow, 
sand vs. coal filtration and, 1149 
soda softening, as result of, 428 
sodium aluminum silicate, 1816 
Boiler water; alkalinity, control, 
necessity of, 1816 
blow-down water, 
mination, 825 
calcium carbonate and _ sulfate, 
solubility data, 811, 816 
carbon dioxide, solubility, 1827 
conditioning, literature review, 441 
heavy water, concentration and, 
2031 


sulfate deter- 


H-ion concentration, determina- 
tion, 1148 
hydroxide determination, accu- 
racy, 817 


oil in, and in sludge, 1654 

oxygen, solubility, 1827 

silica removal, magnesia and s0- 
dium aluminate and, 1160 


2087 


in, 
tion, 816, 1158 

softening, carbonate vs. phosphate, 
428 


sulfate determination, volumetric, 


1817, 2028 
trisodium phosphate treatment; 
1829 
continuous blow-down and, 1822 
see Books 


Bolivar, Mo.; water and sewerage 
improvements, 970 
Bond; see Financing 
Books, new; 2031 
_ A Comprehensive Treatise on En- 
gineering Geology, 1833 
A Manual of Practical Chemistry 
for Public Health Students, 2037 
Alimentation en eau des villes. 
vacuation des eaux usées et des 
résiduaires. Livre II. Procédés 
d’analyse et de contréle des eaux 
d’alimentation et des eaux usées, 
2037 
Boiler Feed and Boiler Water Soft- 
ening, 2037 
Boiler Feed Water Treatment, 2037 
British Standard Specifications. 
No. 603. 1935. Lead Pipes (B. 
N. F. Ternary Alloy), 2037 
Cross Connections in Plumbing 
and Water Systems (Wisconsin), 
971 
Dams. A Bibliography of Books, 
Periodicals and Society Publica- 
tions Appearing from January, 
1924, through March, 1936, 1667 
Das Wasser in der Industrie und im 
Haushalt, 678 
Determination of Free Chlorine in 
Drinking Water, etc., 2037 
_ Die Welt der Bakterien, 679 
Dissolved Oxygen in Boiler Feed 
Water, 2037 
Droughts of 1930-34, 1164, 2038 
_ Flood Discharges in the United 
States: Magnitude and _  [Fre- 
quency, 564 
Le probléme des eaux résiduaires 
industrielles, 2037 
Long versus Short Body Fittings 
for Water Supply, 679 
Procedure Handbook of Arc Weld- 
ing Design and Practice, 2037 
Qualités de |’eau et moyens de cor- 
rection, 2037 
Report on Water Pollution. Na- 
tional Resources Committee, 160 
Run-off Formulas and Methods Ap- 
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plied to Selected Ohio arena 
835 


Sedgwick’s Principles of Sanitary 
Science and Public Health, 1833 

Sewage Chlorination Studies, 1162 

Steel Dams, 2036 

Surface Runoff Phenomena. Part 
of the Hydrograph, 


The Biology of the Iron and Man- 
ganese Cycle, 566 

The Chemistry of Cement and Con- 
crete, 1833 

The Chemist’s Year Book, 1936, 
1667 

The Work of the Sanitary Engineer, 


2038 
Water Engineer’s Handbook and 
Directory, 1935, 2037 
Water Purification Control, 1666 
Water Rights for Irrigation, 2036 
Borax; as an acidimetric standard, 
1447 
Borehole; see Well 
Borga, Finland; water purification, 
1656 
Boron; in natural waters, 1153. 
in sea water; 556, 1827 st 
determination, 1826 
Boston; hydrant spacing,677 
Metropolitan Water District; 
Quabbin aqueduct, geologic fea- 
tures, 1435 
Quabbin dam, foundation per- 
meability tests, 1435 
Quabbin reservoir; 951 
project; history, 1435 
progress, 146 
Boulder Dam; see United States 
Bureau of Reclamation 
Brainerd, Minn.; meter reading and 
billing, 1444 
magtee, Mass.; filter plant, new, 
1 
taste and odor, carbon and, 157 
Brewing; waste; composition and 
uses, 971 
studies, 970 
water; algae, copper pipe or treat- 
ment with copper filings and, 
1144 
treatment; carbon and, 1145 
Katadyn and, 1144 
Brick; classification by water absorp- 
tion, 670 
Brilliant green; see Bacterium coli; 
Bacterium coli test 
Bromine; recovery from sea water, 
2028 


tastes 
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see Chlorination, taste and odor; 
Taste and odor 

Bubbles; oxygen solution from, 1147 
in vertical tubes, velocity and, 557 

Budapest; iron and manganese re- 
moval, 822 

Buffalo, N. Y.; Niagara River pollu- 
tion and, 831 

Burnt Mills, Md.; new filter plant 
and cost, 565 


Cajaleo Dam; see Metropolitan Water 
District of Southern California 
Calcium bicarbonate; solutions, de- 
composition by air passage, 1824 
see Alkalinity 
Calcium carbonate; deposition as 
protective coating; 1159 
lime and, 668 
with rust, 2030 
solubility in boiler water, 811, 816 
see Alkalinity; Corrosiveness; 
Hardness; Pipe, cast iron; Pipe 
corrosion 
Calcium determination; errors and, 
1657 


micro, 1658 CHB TST 
as oxalate;426,1827 


nephelometric, 550 
washing and, 1827s 


palmitate and, 
photoelectric, 1825 | 


Caleium hydrosilicate; see Micro- 
porite 
Calcium hypochlorite; germicidal ef- 
ficiency, pH, temperature and 
available chlorine and, 672 
solutions, available chlorine deter- 
mination, 819 
ong Swimming pool; 
ell 
Calcium sulfate; solubility in boiler 
water, 811, 816 
see Boiler scale 
Calderwood Dam; see Aluminum 
Company of America 
Cali, Colombia; metering, consump- 
tion and, 1441 
California; sewage farming in, 970 
South Coastal Basin, underground 
water storage, 2019 
stream gaging, automatic radio 
transmitters and, 1831 
water; rights, supreme court de- 
cision, 143 
supplies; data, 2010 
testing, 1155 


Cambridge, Eng.; softening plant, 827 


Cambridge, Mass.; filter operation, 


83 

Canada; filter plants, list, 2022 
water works systems and officials, 

directory, 290 

Canal; lining, concrete, 555 

Canal Fulton, O.; water supply, 
flood and, 1156 

Caporite; see Chlorination 

Carbon, activated; evaluation; 151, 


eataphoretice velocity and, 559 
unit, activation number and, 968 
filtration through, bacterial re- 
moval and, 427 
powdered; application; with alum, 
289 


sqt method, 289, 1815 


point of, 1668 aboits) 
to reservoir, 281. 
dosage, 1668, 2025 risiab 
regeneration, 1146 
specifications, 1664 
treatment; 962 Gb 
bibliography, 435 
cost, 435 


see Alum; Coagulation; Color re- 


moval; Copper sulfate treat- 


ment; Dechlorination; Filtra- 


tion, rapid sand; Filtration, slow 
sand; Fluorine; Hydrogen sul- 
fide; Oil removal; Organic mat- 
ter; Phenol; Taste and odor 
Carbon dioxide; free; and combined, 
equilibrium, 428 
determination, 1656, 1824 
removal; aeration and; 148, 828, 
1143, 1438, 1656, 1668 
and lime, 827, 1656 
marble filtration and, 1143 
solutions, decomposition by air 
passage, 1824 
see Acidity; Boiler water; Corro- 
siveness; Filtration; Heating sys- 
tem; Lead; Spirogyra; Steel 
Carbonate; see Alkalinity; Carbon 
dioxide; Hardness 
Carbonation; 954, 970, 1656 
Diesel engine exhaust gases and, 
834, 953 
see Softening 
Carson City, Nevada; pipe lines, 954 
Catadyn; see Silver 
Catechol; see Gas and coke works 
Catskill, N. Y.; purification plant 
operation, 1442 
Cattle, poisoning; selenium and, 1159 
sewage and, 1823 
Caulobacteriales; 672 
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a 
Cellulose; composition and 
uses, 971 
see Sulfite 


Cement; heat of hydration; deter- 
mination, 1150 
factors, 1149 
Portland; compounds in, 671 
heat evolution and contraction, 
compound composition and, 
559 
manufacture, 669 
paste, hardening, water absorp- 
tion during, 670 
sulfate resistance, determination, 
2027 
progress, 558 
water, action on, 662 
_ gee Books; Concrete; Mortar; Pipe 
7 Ceriodaphnia; chlorine and, 1828 
Cesium; detection, 1827 
determination, 1825 
Chambon Dam; ‘2022 
Channel; open, back-water and drop- 
down curves, formulas, 1435 
Chara; control, 1813 
taste and odor and, 1813 
} Cheese factory; waste treatment, 
and lime and, 547 
Chelan Hydro-electric Project; flow 
losses, 436 
Chemical; bins, shape, 671 
pneumatic transport, 965 
7 Chemical feed; 671 
dry; 828, 1815 bib ) 
automatic, 2032 dips 
P vs. solution, 1815 
see Ammonium sulfate; Carbon; 
Iron chloride; Lime; Swimming 
pool; ete. 
Chemistry; see Books 
_ Chesapeake and Ohio Railroad; blow- 
down, creosote loss from ties and, 
Chesapeake and Potomac Telephone 
Co.; valuation case, 1832 
Chicago, Ill.; amebic dysentery out- 
break, 115 55, 1432, 1812, 1830 
Cermac station, progress, 146 
_ Chicago Ave. tunnel, progress, 146 
chlorine determination, 560 
Dunne crib chlorine-ammonia 
plant, 423 
filtration efficiency formula, 286 
Harrison Street station, electrifica- 
j tion, 1813 
water supply; disease, danger and, 
1436 


public health and, 811 


Chicago Sanitary District; sewer 


tunnels, 274 ¢ 


Chloramine; determination, 
lerization and, 
di-, germicidal action, 822 
see Chlorination; Chlorine, free, 
determination ; Dechlorination: 
Swimming pool; Taste and odor * 
Chloramine-T; chlorine absorption 
a organic matter, rate, pH and, 
655 
determination in solution contain- 
ing hypochlorite, 1653 
germicidal efficiency; active and 
total chlorine and pH and, 428 
temperature, pH and available 
chlorine and, 672 


ABSTRACTS 


Ness- 


Chloride; determination; nephelo- 
metric; 550 
electrometric, com- 
parison, 558 


photoelectric, 1825 
permissible concentration, 2016 
see Corrosiveness 
Chlorination; 434 
ammonia and; 277, 434, 551, 828, 
834, 962, 1163, 2011, 2025 
addition after chlorine, 440 
 aftergrowths and, 547, 835 
contact period and, 423 
copper sulfate and (cuprichlor- 
Bost amine), 443 
cost, 1666 
dosage, ratio, 440, 818, 1162, 1442 
efficiency and, 818 
vs. salts, 443 
-ion concentration and, 442, 548 
mixing, importance, 2023 
preformed chloramine and, 443 
residual, practice, 555 
apparatus; 552, 668 
automatic; 555, 1152, 2032 
fire pump, 157 
for Caporite, 1816 
containers; handling and storing, 
1814 
ton; 280, 423 
‘leakage, tank containing 
caustic soda and, 423 
electrolytic cells, 432 
gas withdrawal rate, temperature 
and, 1814 
high- -capacity, 423 
leakage, tracing and stopping, 
1814 
piping and prevention of con- 
densation in, 1814 
rooms, forced ventilation and, 
4 


for sodium hypochlorite, 1818, 
1825 
bacterial count, 


high, iron and 
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manganese protective colloids 
and, 547 

bacteriostatic action?, 822 
Caporite and, 445 
copper sulfate and, 1144 
corrosivenessand, 1158 
dosage; 287, 434, 555, 818, 827, 1162, 


2025, 2034, 2035 
chlorine absorption ‘and, ratio, 
817 186 
double, 287 
emergency, 677 TSK 


extent employed, 1154 
fauna of reservoirs and, 818 
goldfish and, 814 


H-ion concentration and, 442, 548 


plants and flowers and, 814 
pre-; 1655, 2034, 2035 
ammonia and, 970, 2035 
residual ; 555, 678 
ultra-violet light and, in pres- 
ence and absence of ammonia, 
2034 
silver salts and, 1144 
spore-formers and, 434 
see Bathing beach; Books; Chlor- 
amine; Chlorine; Coagulation; 
Condenser; Dechlorination; Fil- 
tration, rapid sand; Hydrogen 


sulfide; Hypochlorite; Main; 
Manganese removal; Microscopic 
organisms; Swimming pool; 


_ Taste and odor; Vessel, navigat- 


ing 
Chlorination, taste and odor; am- 
monia and; chlorinous, main de- 
posits and, 1666 
history, 1434 
phenol and; 289 
ammonia and; 289, 548, 551, 818, 
833 


pH and, 442 
bromide and, 834 
hydrogen peroxide and, 818 
permanganate and, 818, 833 
superchlorination and, 833 

see Odor; Taste and odor 
Chlorine; compounds, organic, germi- 
cidal efficiency, active and total 
chlorine and pH and, 428 
handling; 1814 
precautions and, 2028 
manufacture from salt and nitric 
acid, 557 
masks, rules for use, 1814 
properties, physical, 1814 
see Chlorination; Cylinder 
Chlorine absorption; ammonia and, 
442, 551, 1156 
H-ion concentration and, 442 
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organic and inorganic compounds 
and, 1156 
-oxygen consumed ratio, pollution 
and, 667 
sewage compounds and, 1162 
ultra-violet light and, in presence 
and absence of ammonia, 2034 
see Azochloramid; Chloramine-T; 
Sodium hypochlorite 
Chlorine, free, determination; chlor- 
amine and, differentiation, methyl 
orange and, 279 
fuchsin and, 431, 1654 
germicidal, iodometrie and o-toli- 


din, 1655 
starch-iodide, 278, 1818 
o-tolidin; 968 
accuracy, 444 


algae and, 1813 
iron, interference; 968, 1824 
avoiding, 278, 1159 i) 
manganese, interference; 968 
avoiding, 278, 1159 
nitrite, interference; 968, 1824 
avoiding, 278, 1159 
photoelectric, 1152 
in square bottles, revised stand- 
ards and, 560 = 
standards; improved, 965 
new, 2035 
sunlight and, 278 
temperature and, 278, 1824 
time and, 1158, 1824 ' 
turbidity, compensating com- 
arator and, 560 
see Books; Calcium hypochlorite; 
Chloramine-T; Hypochlorite 
Cholera; Hamburg-Altona epidemic, 
1143 
water-borne epidemics, 1823 
Christopher, Ill.; new filter plant, 
1443 
Cincinnati, O.; filter plant; early, 280 
remodeling, 283 
Citrate; see Bacteria, colon group; 


Bacterium coli test stared 
Clarifier; see Softening 
Clay; cellulated, 559 bat 


see Coagulation 
Clay, bleaching; see Taste and odor 
Cleveland, O.; alum dosages, low, 
results with, 2032 
filter sand troubles and cleaning, 
2036 
Coagulation; 1142 
alum and; 1439,1442 = | 
earbon and; 2029 1) oye 
ay saving and, 1448 
chlorine and, 287 
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clay or Fullers’ earth addition, 
dosage and, 2029 
corrosiveness and, 431 
dosage; 1162, 1658, 1668, 2025 
electrolytes and, 1658 
low, results with, 2032 
double, 1668 
floc formation, 660 
H-ion concentration and, 1150 
and lime, 1655 
reaction, time and, 431 
residual alumina and, 431 
soda ash and, 1159 
and sodium aluminate, 157 
vs. sodium aluminate, 431 
temperature and, 1150 
water composition and, 1150 
carbon addition and, 150 
chlorination and, 828 
developments, 2011 
ferric chloride vs. alum, 1813, 2029 
ferric salts and; floc formation, 
ions and, pH and, 437 
and lime, 1442 
residual iron and, 437 
ferric sulfate and, 677 
iron salts and, floc formation, 660 
mixing and; 1436 
period, 287, 422, 563, 828, 965, 
1442, 2033 
rapid initial, necessary?, 2033 
velocity, 2033 
reagents, new, 834 
sodium aluminate and, 430, 434 
split treatment and, 828 
see Color removal; Fluorine; Iron 
removal; Manganese removal; 
Mixing; Softening 
‘oagulation basin; baffling, 291 
circular, 1665 
retention period, 287, 422, 965, 1439, 
1442, 1668 
sludge; removal, continuous, 283, 


ings’? 


stabilization, carbon and, 150 
two-stage, 962 
two-story, 965 
see Sedimentation basin 
Coal; ash; clinker formation, factors, 
1445 
composition, 1445 
washing, effluent, sludge recovery, 
971 
see Boiler furnace; 
Mine 
Coating; corrosion fatigue and, 815 
of ferrous materials, 671 
see Corrosion; Paint; Pipe coating 
Coke plant; see ‘Gas and coke works 
Collection; see Billing 


Filtration, coal; 


TO q 


Colloid; see Chlorination; 
internal combustion 
Colne Valley, England; softening 
plant, 433 
Color; algae and, 677 
Color ‘removal; 433 
alum and; 827, 2029 
H-ion concentration and, 1150 
and lime, 2029 
soda ash and, 1159 
temperature and, 1150 
water composition and, 1150 
Caporite and filtration. through 
sand and carbon, 1816 
ferric chloride and, 827, 2029 
filtration; pressure, sand and car- 
bon, 1813 
slow sand; 292 
carbon layer and, 434 nee 
lime, excess, and, 827, 1656 bieet 
ozone and, 433, 1439 tin 4 
permanganate and, 827 
see Coagulation 
Colorado; mottled tooth enamel, 
fluorine and, 824 
Colorado River water; 
solids, content, 2020 
selenium in, 556 
see Metropolitan Water District of 
Southern California 
Columbus, Ohio; O’Shaughnessy Res- 
ervoir, silting, 2011 
Committee reports; licensing of water 
works employees, 560 
Complaints; handling, 444, 970 
Concrete; lean mixtures; vibrated, 
shrinkage, 2017 
water-cement ratio and, 2017 
permeability, surface treatments 
and, 1826 
plastic flow and, 669 
—e change, factors and control, 
9 


Engine, 


dissolved 


water, action on, composition and, 
2 


see Books; Canal; Cement; Dam; 
Mortar; Pipe, concrete; Reser- 
voir 


Condenser; algal and slime growths, 
chlorination and, 1146 
cooling water, lime softening, 2031 
Conductivity; see Solids, determina- 
tion; Water analysis 
Conduit; materials and, 555 
see Aqueduct; Canal; Pipe; Tunnel 
Connecticut; cross connections, sur- 
vey, 676 
factory drinking water supplies, 
survey, 829 J 109 
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pollution control, 
gram, 957 
typhoid and, 1155 
water supply systems, 1155 
Construction; see Contract 
Consumption; air conditioning and, 
439, 566, 954, 958, 1142, 1815, 2038 
apartment houses and, 963 
Berlin, 1145 
California and, 2010 
economic conditions, as index of, 
439 mi 
Erie, Pa., 1162 
Geneva, Switzerland, 676 
Kitchener, Ont., 
London, England,448 
London, Ont., 288 16 
metering and, 288, 1153, Ma 
refrigeration and, 566 if 
sprinkling demand and,272) 


trends, 285 
Contract; construction, 969 ane 
law and, 282 


Copper; concentration, permissible, 
1144, 1147 
corrosion; factors, 427 
hydrogen sulfide and, 2030 
in sulfuric acid, oxygen solu- 
bility and, 1444 
determination; 443 
colorimetric, hematoxylin and, 


health and, 1149 

protective coating; cuprous oxide 
in, determination, 1657 
formation, 1152, 1657 zl 

removal; ferric floc and,434 
iron and, 549 $n 
synthetic resins and, 430 

salts, use in water purification, 1657 

taste and, 427 

see Brewing; Hot water system; 
Paper; Pipe, copper; Services; 
Swimming pool 

Copper sulfate treatment; 291, 434, 
1144, 2035 
application; distribution over ice 


in spring, 2035 
scattering disc and, 1813 
carbon addition and, 281 wy 


chlorine and ammonia and, (cupri- 
chloramine), 443 

dosage, 291, 2034 

history, 2028 

resistant strains, development, 292 

of spring water, 951 

see Chlorination; Swimming pool 
Corrosion; 970 
coatings, metallic, and, 429 


corrosion; Lead; Pipe, cast iron; 


Crenothrix; 2015 


oxygen and, 823, 968 


prevention, 1142 
tests; 813 
rust removal for,818 


theory; 967 
electrolytic, 813 

see Boiler corrosion; Copper; En- 
gine, internal combustion; Fil- 
tration; Hot water system; In- 
dustrial wastes; Iron, cast; Iron 


corrosion; Pi e, galvanized; 
- Services; Soil; Solder; Steel; 
Water, ground; Zine 


Corrosiveness; aeration and, 968, 
1143 
alum coagulation and, 431 


carbon dioxide and, 2030 
chloride and, 2030 
chlorination and, 1158 : 
composition and, 662 a 
correction, 433, 675, 678, 834 
hardness and, 2030 

H-ion concentration and; 678, 1149, 


calcium carbonate alkalinity, in- 
creasing and, 969 
hydrogen sulfide and, 2030 
lime and; 292, 968, 1143, 1163 
calcium carbonate saturation 
and, 1163 
limestone, filtration through, and, 
951 
magno-masse, filtration through, 
and, 1143 
marble, passing over, and, 1149 
oxygen and; 2030 
removal and, 968 
protective layer formation, treat- 
ments for, 1143 
red water; aeration and, 2015 
H-ion concentration and, 678 
marble, filtration through, and, 


sodium carbonate and hydroxide 
and, 1143 

softened water; lime-soda-zeolite, 
pH and carbonate hardness ad- 
justment and, 2032 
zeolite, sodium hydroxide and 

silicate addition and, 1155 

see Boiler corrosion; Calcium car- 
bonate; Corrosion; Iron cor- 
rosion; Lead 


Coshocton, Ohio; intestinal disease _ 


epidemic, 1664 
water supply, flood and, 1156 
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iron in waterand,552 
see Bacteria, iron erodididai 


Cresol; fishand, 1823 
Cross connections; 2033 


in road tar, and solubility, 429 
air conditioning ‘and, 566 


1432 
check valves and; 676 
reliability, 157 
chlorinators, automatic, and, 157 
control, city, 2033 
factories and, 829 
hospitals and, 1812 
plumbing and; 1814 
siphonage and, 830, 958, 1155, 
1812 
refrigeration and, 566, 1812 
regulations, status, 157 
sewage pump priming and, 1812 
survey, procedure, 676 
water supply certification and, 157, 
444 


well supply, pumping into mains to 
reverse meter, 2034 
see Books 


ss Crystal violet; see Bacterium coli test 


-Cumasina; see Swimming pool 


Custer Co., South Dakota; spring, 


cattle poisoning and, selenium and, 
1159 
Cyanide; determination, 826 
waste, trout and, 660, 1817 
see Gas and coke works 
Cyclops; chlorine and, 1828 
Cylinder; compressed gas, carriage 
for, 825 
glass, new type, 1447 


Dallas, Tex.; new elevated tank, 152 
Dam; arch, model study, 437 


equations, 436 
concrete; construction, 553 
Cyclopean, gravity; 2022 
failure, 2017 
lime, leaching of; carbon dioxide 
and, 546 
pH and, 669 
repair, 546, 669 
mix design, trial-mix method, 
1832 


ay buttress, articulated, proportions, 


new, 2024, 2025 
costs, unit, 1915-34, 284 


earth; compaction, Proctor method, 
1 


construction, 1432 

costs, unit, 144, 278 

design, models and, 1433 
hydraulic-fill; construction, 274 
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amebic dysentery and, 444, 1155, 


core dovied 149 
materials, field- -testing equip- 
eve ment, 149 
ye shrinkage data, 425 
leakage, grouting with earth and 
(baa cement and, 2018 
new, 2025 
rolled- fill, material selection, 554 
erosion, hydraulic jump and, 276 
foundation permeability, ‘deter- 
mination, 1435 
highest, outside of United States, 
2022 


masonry, on earth foundation, 
seepage under, security from, 439 
progress, 834 
raising, unit prices, 285 
on sand, uplift and seepage under, 
439 
spillway, model tests, 286 
stress function and photo-elastic- 
ity, 435 
see Books; Gate 
Damp-proofing; tar products and, 558 
Daphnia; chlorine and, 1828 
Deacidification; see Acidity 
Deaeration; see Boiler feed water 
Dechlorination; carbon and; 1146, 
1164 
filtration and; 445, 822 
corrosion and, prevention, 
822 
in sand filters, 150 
chloramine and, thiosulfate, hydro- 
gen sulfide, ferrous salts, ethyl- 
ene and carbon filtration and, 
1820 
hydrogen peroxide and, 817 
magnesium and; 149, 434 
carbide and, 150 
sulfur dioxide and; 291 
equipment, solution lines, etc., 
144 


ton containers, handling, 144 
thiosulfate and, 291 
Defiance, Ohio; odor, amines and, 


Degasification; see Boiler feed water 
treatment 
Delhi, N. Y.; flood damage, 677 
Denver, Colo.; filtration, coal, 281 
Fraser River diversion project, 
progress, 145 
turbidity signal, photoelectric, 1813 
wood-stave pipe, practice, 143 
Desiccator; crucible support, 1447 
Detroit, Mich.; pressure, elevated 
tanks and, 272 
P. W. A. projects, 957 
Devil’s Stream, Ia.; runoff, high, 2018 
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1668 
see Disease 
Disease; ice and, 1822 
intestinal, epidemic, 1664 
water-borne, liability and, 955 
see Cholera; Diarrhea; Dysentery; 
Enteritis; Fish; Intestinal influ- 
enza; Saturnism; Typhoid; 
Vessel 
Disinfection; see Sterilization 
Distilled water; apparatus, 660 
carbon dioxide- and ammonia-free, 
continuous production, 556 
production, 671 
Distillery; waste treatment, 1668 


Distribution system; bacterial 
growth on pipes, 2015 
flow analysis, 2012 
maps and records, 2017 ole 
materials, selection, 969 
problems, 1814 
valves; inspection; 969 c 
; frequency, 1814 1° 
maintenance, 969 par 
pressure-reducing, 1814 van 
records, 969 
see Fire protection; advent: 


Main; Materials; Pipe; Services: 
Valves; etc. 
Dominick-Lauter medium; see Bac- 
terium coli test 
Doucil; see Softening 
Dredging; Fort Peck plant, design, 
2021 
of reservoir, equipment and cost, 


Drew, Miss.; sewage nuisance, court 
decision and, 956, 959 
Drill bitts; detachable vs. 
2023 
hardening and tempering, 552 
mechanical dressers and, 440 
Drought; see Rainfall 
Dyeing; sulfur blacks and, waste 
treatment, 549 
Dyes, triphenylmethane; 
static action, 1150 
Dysentery, amebic; cross connections 
and, 444, 1155, 1432, 1812 
food and; 1830 ats 
handlers and, 1432 
in Spanish America, 1441 
water and, 1432, 1441, 1830 
see Endameba histolytica 


forged, 


bacterio- 


Earth; equipment for screen analysis 
and determination of moisture and 
voids, 149 


seeDam;Soil 


14 


Diarrhea; epidemic, water-borne, 151, 


Earthquake vibrations; machine for 
simulating, 2020 
see Tank 

East Rochester, 
plant, 1813 

Eau Claire, Wis. ; new well supply, 559 
pipe line, river crossing, 560 

EKijkman test; see Bacterium coli test 

El Capitan Dam; see San Diego 

El Paso, Tex.; water supply, protect- 
ing, 829 

Electric power plant; Diesel-driven, 
large, 555 

Electric wiring; grounding to water 
pipes, corrosion and, 

Electrical instruments; 444 

Electrolysis, stray current; 968, 1143, 
2030 


N. Y.; softening 


coatings and, 665, 1827 a 
drainage and, 665 > 
insulating couplings and,665 
Elmore, Ohio; softening and correc- 
tion of corrosiveness, 1155 
Emergency service; equipment, 1812 
radio and, 1812 
Endameba histolytica; carriers, inci- 
dence, 1830 
life cycle, 1830 
see Dysentery 
Endo medium; see Bacterium coli; 
Bacterium coli test 
Engine, Diesel; exhaust gases; heat- 
ing and, 834, 953 
water carbonation and, 834, 953 
see Electric power; Pumping sta- 
tion 
Engine, gasoline; see Pumping station 
Engine, internal combustion; cor- 
rosion, 1148 
scale prevention, colloids, sodium 
aluminate, carbonate and phos- 
hates and, 1148 
England’s broth; see Bacterium coli 
test 
Ennis, Tex.; mottled tooth enamel, 
fluorine and, 968 
Enteritis; outbreak, fishing in water 
supply source and, 952 
see Disease 
Erie, Pa.; water works, annual report, 
rates, consumption, costs, etc., 1161 
Escherichia coli; see Bacterium coli 
Etobicoke Township, Ont. ; softening 
plant, operating data, 278 
Eudorina; chlorine and, 1828 
Evanston, Ill.; new elevated tank, 
1443 
Evansville, Ind.; main cleaning, 964 
Evaporation; from free surfaces at 
higher temperatures, 1445 
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Exeelsior Springs, Miss.; mineral 


ss Water resort, 1665 

Feces; B. aerogenes in, 1821 
Ferric; see Iron 


Filter; Bollman, underdrains, 
recommended for, 2030 
Biihring, 445 
Chamberland, 445 
tile, cellulated clay, 559 


Tre 


: see Army 
Filter gravel; size, determination, 
1142 


Filtration, rapid sand 
_ Filter sand; size and uniformity co- 
efficient, determination, 1142 
see Filtration, coal; Filtration, 
rapid sand 
 *F iltration; B. coli results, statistics, 
2033 
charcoal and, 445 
corrosion, carbon dioxide and oxy- 
gen and, 1142 
dirt penetration, 434 
extent employed, 1154 bet 
plants; in Canada, list, 2022 abad 
cost, 278, 423 
operation, 970 
see Carbon, activated; Iron re- 
y moval; Manganese removal; Well 
_ Filtration, coal; 1142 
and sand combined, 281 
vs. sand; 281 
effluent clarity and, 963, 1152 
run length and, 963 
Hal silica dissolved by hot alkaline 
waters and, 1149 
Filtration, double; 1143 
Filtration, pressure; 288 
-- plants, new, 1438, 1442 1661 
units, horizontal, dirt accumula- 
tion and, 434 
wash water percentage, 1661 lentil 
see Color removal 


alum 


line 


Filtration, rapid sand; 677 
expression of, 286 
gravel; depth, 287, 422, 965 
interface and, 279 
dividing 
between, 560 


efficiency; bacterial, low 
dosage and, 2033 
Se suspended matter removal, 2015 
effluent observation basins, 287 
: disturbance during wash; 560 
Cite jet action at sand-gravel 
head loss in, 156 
and sand; size, 
transition of sizes, 560 
specifications, 1142 
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high gravity material, 


head loss, calculation, 280 
history, 1434 
hydraulics of, 280 
iron in water and, 964 tage 
plant; 962 ina 
automatic;2032 
semi-, 1443 
cost, 563 
design, 1142 
early, 280 


new, 149, 157, 159, 422, 563, 965, 
1439, 1440, 1655, 1661, 1663, 2025 
revamping, 280, 283 
steel, cylindrical units arranged 
concentrically; 1668 x 
and cost, 565 wah 
rate, 149, 287, 422 
runs; 287 
algae and, prechlorination and, 
2035 


carbon and, 678 
coagulant dosage, low, and, 2032 
fine filtering material overlain 
with coarse, 963 
rate and, formula, 286 
sand; cleaning; soda ash and caus- 
tic soda, 834 
various methods, 2036 
coating, bacterial multiplication 
and odor and; 2036 
pre-ammonia-chlorine 
2036 


and, 


wasting after wash and, 2036 
cracking, 2036 
depth, 287, 422, 965 
mud balls; 155 
specific gravity of filtering 
medium and, 
Standard of filter condition 
and, 963 
volume, measuring, 963 
non-homogeneity and, 1142 
size, 287, 422, 560, 828 
specifications, 1142 
substitute, pulverized coal slag 
as, 2032 
taste and odor, wasting after wash 
and, 2033 
underdrains; 
and, 834 
concrete blocks with glass-capped 
cells, 1665 
design, 156 
perforated pipe; 422, 965 
rehabilitation, 834 
vs. Wheeler bottom, cost and 
head loss and, 280 


carborundum plates 
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orous platesand, 156 


heeler bottom, 1663 
‘units, multiple, 1655 
valves; electrically controlled, 954 
few, and, 1442 
wash ; 280, 1142 
air- ‘water; 828, 1656 
corrosion, Eternit pipe and, 


“hich, filtration efficiency and, 
2011 


sand expansion and; 155 ie 


measuring, 963, "1442 
settlement and return to lake, 
1439 
surface, 155, 283, 963 
water; algae in, "565 
t carbon addition to, 150 
percentage, 287, 1162 
gee Filter gravel; Filter sand; Fil- 
tration, coal; Tank 
Filtration, slow sand; 432 
bacterial removal, 2015 
chemical purification effected, 2015 
cleaning, tractor machine and, 283 
color removal ; 292 
earbon layer and, 434 
hydrogen sulfide produc tion; car- 
bon addition and carbon ‘layer 
and, 434 
rate of filtration and, 435 
iron removal, 292 
operation; 964 
cost, 283 
organic matter removal, carbon 
layer and, 434 
oxygen dissolved, decrease and, 
2015 
plant; 292, 1143 , 
cost, 283 
first in United States, 1442 
new, 1444 , 
pre-filtration and, 1443 
see Filter sand 
Financing; main extensions; assess- 
ment and, 292 
guaranty bonds and, 292 
municipally-owned works; bonds, 
security, law and, 673 
construction, law and, 673 
debt limit, legal, 1660 
funds diversion, 284, 285 
_ private companies and, com- 
parison, 825 
profits, returning to consumers, 
290 


program and, 285 
water securities, market conditions 
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- water works costs, analysis, 1814 

see Fire protection; Rates; Water, 
gratuitous 

Findlay, Ohio; lime-soda and zeolite 
softening, corrosion and, 2032 

Fire hydrant; discharge measure- 
ments, 280 
identification, color and, 969 


inspection 969 SAG 
maintenance, 969 
records, 969 sqit 


spacing, 677 
thawing; anti-freeze and, 1665 
carbide and, 155 
electric, steam, alcohol, calcium 
and sodium chloride, Thermit, 
145 
traffic hazards, provision for, 832, 
834 


see Fire protection 
Fire insurance rates; storage, ele- 
vated, and, 274 
water supply and, 1440 
Fire protection; charging for, hy- 
drant rental and, average, 675 
court and commission rulings re, 
159 
liability and, 954, 955 
underwriters’ and insurance com- 
panies’ service and, 444 
water sup ee system ‘and; 1440 of 
cost an 
and, 832 
design and, 832 
Fire protection, private; charging 
for, 676 
Fish; amines produced on putrefac- 
tion, lime and, odor and, 2035 
- ammonia liquor and still waste and, 
cresol and, 1823 
hatchery, eggs and fry mortality, 
1668 


illness caused by eating of, 2029 
oil field brines and, 835 

phenol and, 1823 

erate roads, washings and 


see Goldfish; Lake; Perch; Purifica- 
tion, self; Sunfish; Trout 

Flask, Erlenmeyer; cover for, 1447 

Flint River; bacterial counts, un- 
usual, 835 

Flood; forecasting, snow survey and, 
422 
Houston, Tex., and, 2023 
Muskingum Valley and, 1155, 1832 
New England, water works and, 
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New York, water supply emergency 
work and, 676 

reservoir and, use for other pur- 
poses, 438 

storage and, effect, determining, 
slide rule for, 275 


stream gaging and, automatic radio | 


transmitters and, 1831 
see Books; Water works 
Flow; see C hannel; Distribution sys- 
tem; Pipe flow; Water measure- 
ment; Weir 
Fluorine; determination; 434, 547, 
663, 815, 968, 1160, 1445, 1652, 1657, 


1820 
accuracy, 282 
removal; 434 Shi 


alum and, 282, 1827 
alumina, activated, and regener- 
ation, 2027 
bone and, 282 
carbon and, 282 
lime and, 2028 
magnesium metal and, 2028 
sand containing aluminum, 1657 
in water supplies, 433, 434, 968, 969 
see Teeth 
Fontana Union Water Co.; operation 
data, 561 
Forest; see Reforestation; Watershed 
Fort Peck Dam project; diversion 
tunnels, driving and costs, 274 
dredging plant, design, 2021 
progress, 274 


i Fort Smith, Arkansas; water supply, 


proposed, 151, 159 

Frankfurt, Germany; swimming pool, 
Katadyn treatment, 1144 

Freeman Engineering Corporation; 
elevated tanks, earthquakes and, 
model studies, 553 

Frost; see Fire hydrant; Main; Serv- 
ices; Soil 

Fuchsin; see Bacterium coli test 

Fullers’ earth; see Coagulation 


Gainesville, Tenn.; Diesel engine, 
economy and, 824, 1440 
Gallionella; 2015 
see Bacteria, i iron 
Galvanized iron; see Iron, galvanized 
see Pipe, ‘galvanized; 
Zine 
Garbage; see Incinerator 
Gas and coke works; ammonia liquor, 
fish and, 666 
ammonia still waste; cyanide re- 
moval, 1817 
fish and, 666 


treatment, 666 pint 


trout and, 
quenching effluent, coke slack re- 
covery, 971 
waste; phenol and; bacterial purifi- 
cation and, 426 


if catec hol, oxidation, acti- 
uf vated sludge and, 1150 
bith removal, compressed air and, 
818 


treatment, 550 
see Phenol 
Gastroenteritis; 
phoid; Vessel 
Gate; roller; 
Tainter, 2013 
design, 2013 
operating machinery, 2013 
see Distribution system; Valve 
Geneva, Switzerland; water works 
extension and consumption, 676 
Gentian violet; see Bacterium colj 
test 
Geology; see Books 
Germantown Dam; shrinkage, 425 
Germany; typhoid, 1143 
water works data, 1143 
Glauconite; composition, 
tion and uses, 820 
Glencoe, Ill.; elevated storage, econ- 
omy and, 272 
Gloversville, N. Y.; water supply 
improvements, 1438 
Goiter; iodine and, 1822 
Goldfish; chlorine and, 814 
Gorki, U.S. S. R.; new water supply, 
1661 
Grand Rapids, Mich.; filter under- 
carborundum plates and, 


Grand Trunk Western Railroad; 
wayside tanks, elimination by di- 
rect pumping, 961 

Gravel; see Filter gravel; Filtration, 
rapid sand 

Great Britain; water supplies, 827 

Greater Vancouver Water District; 
subaqueous pipe lines; mainte- 
nance, 146 

removal and salvage, 146 
shop and storage yard, access 
channel, 1831 
Greensand; see Iron removal; Soften- 


see Disease; Ty- 


cost, compared with 


distribu- 


ing 

Greenville, Tenn.; taste, chlorine- 
ammonia and, 1434 

Ground; see Earth; Soil; Water, 
ground 


Gunite; see Standpipe; Tunnel 
Gypsum; structural, 669 
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Hague, Holland; swimming pool 
water treatment, 1144 

Haiti; amebiasis and, 1441 

Hamburg, Germany; cholera epi- 
demic, 1143 
water works, 1143 

Hamilton, Ohio; water softening 
plant, 2011 

Hammermill Paper Co.; intake pipe, 
cleaning of, 275 

Hardness; health and, 827, 828 
origin and nature of, 827, 967 
see Corrosiveness; Soap; Softening 

Hardness determination; Blacher 
method, 1654 

_ calculation from sulfate content, 


cottonseed oil, potassium salts of, 
w and, 666 
palmitate and, 825 
soap method; study of, 1818 
Wanklyn’s solution vs. Clarke’s 
F lead oleate, 546 
Calcium; Magnesium 
Hartford, Conn.; Bills Brook Dam, 
unit prices, 2020 


filter cleaning, 283 
Health; copper and, 1149) 
plumbing and, 968 
soft water and, 828 
softening and, 827 


total solids and, 1146 
see Books; Disease 
Heat prostration; salt in drinking 

water and, 1666 
Heating system; coils, scale removal, 
buffered acids and, 1147 
corrosion; 1147 
cold water admission into hot 
return lines and, 823 
dissolved gases and, 671 
steam, condensate, corrosiveness, 
oxygen, carbon dioxide and pH 
and, 816 
see Hot water system 
Hedley, B. C.; new water supply 
system, 2024 
Heidelberg, Germany; Electro-Kata- 
dyn sterilization, 1144 
Helena, Mont.; typhoid damage case, 
955, 956 
Hematoxylin; see Aluminum; Copper; 
Iron 
Highway; see Tar; Water supply 
Hobart, Ind.; ozone treatment, 1439 
Holland, N. Y.; new water supply 
and cost, 279 
Hospital; fixtures, cross connections 
and, 1812 
Hot water system; copper heating 
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coils; corrosion of galvanized pipe 
adjoining; 442 
prevention, phosphate and, 


tinning and, 442 
oxygen depletion and, 442 
galvanized pipe, corrosion, 823 
galvanized storage tanks, cor- 
rosion, 426, 823 
soft water, advantages, 827 
see Heating system 
Houston, Tex.; chlorine-ammonia 
treatment, 440 
Lighting and Power Co., customer 
accounting, 829 
rainfall and flood of December, 
1935, 2023 
Hudson River; pollution, 1658 
Huffman Dam; shrinkage, 425 
Humic acid; see Organic matter; 
Purification, self 
Huron, Ohio; automatic filter plant, 
2032 
Hyde Park, N. Y.; purification plant, 
1438 
Hydrant; see Fire hydrant 
Hydrogen-ion concentration; adjust- 
ment; 828 
sulfuric acid and, 291 
determination; 834, 1820 
calculation and, 663 
colorimetric, 663 
electrometric, 663, 1148 ibal 
interpretation, 834 
see Boiler corrosion; Chlorination; 
Chlorine absorption; Coagula- 
tion; Color removal; Corrosive- 
ness; Heating system; Iron cor- 
rosion; Iron removal; Lead; 
Pipe, cast iron; Pipe corrosion; 
Softening; Zinc 
Hydrogen peroxide; removal, man- 
ganese dioxide and, 817 
see Chlorination, taste and odor; 
Dechlorination 
sulfide; determination, 
114 
removal; aeration and, 288 
carbon filtration and, 435 
chlorine-ammonia and, 440 
see Boiler corrosion; Copper; Cor- 
rosiveness; Dechlorination; Fil- 
tration, slow sand; Pipe, cast 
iron; Water, ground 
Hydroxide; see Alkalinity determina- 
tion 
Hypochlorite; alkaline, germicidal 
action, 822 
determination; bromate vs, per- 
manganate and, 664 
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solution containing chlor- 
amine-T, 1653 
germicidal efficiency, active and 
total chlorine and pH and, 428 
see Calcium hypochlorite; Chlorin- 
ation; Sodium hypochlorite 
Hypochlorous acid; solutions, anal- 
ysis, 812 
see Swimming pool 


in 


Hoe 
epidemics and, 1822 
manufacture; carbon treatment 
and, 1145 


Katadyn treatment and, 1144 
see Refrigeration 
-Iilinois; early water quality stand- 


ard, 1435 
Incinerator; 565 
Incubator; inexpensive, construc- 
tion, 662 
_ Indian Territory Illuminating Oil 


Co.; pollution case, 1660 
Indiana; pollution control legislation, 


Indianapolis Water Co.; pressure, 
elevated tank and, 273 
Indicators; survey of, 2026 
gee Titration 
- Indole; detection in bacterial cul- 
tures, 427 
see Bacteria, colon group 
Industrial wastes; corrosiveness of, 
and bibliography, 2030 
corrosion 
and cost, 959 
studies, 1443 
see Books; Cheese; Cyanide; Dye- 
ing; Gas and coke works; Oil 
well; Sulfite; Textile; etc. 
Infiltration gallery; ; in river bank, 433 
Injunction; effect of, 956 
see Sewage disposal 
Injury; law and, 282, 1662 _— 
Insects and water animals; pyr- 
- ethrum or ammonia and, 1826 


Intake; lake, low water levels and 
pipe; cast iron, 2031 ae 
 eoncrete, 2021 


é steel; cleaning, machine and, 275 
3 tuberculation and, 275 
International Association for Re- 
- search on Hydraulic Structures; 
organization, objectives, etc., 2022 
Intestinal influenza; epidemic, Mil- 
waukee, 1436 
Todine; determination, 552, 1158 
iodoform odor and, 2014 
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starch test, sensitivity, a1 
see Goiter 
Iodization; 433 
Iowa; fluorine removal, 
1827 
tooth enamel, 
and, 1657, 1820 
Iraq Petroleum Co. ; pipe line, 425 
Iron; preparation for painting, 556 
in water; flocculation and, 548 
limit and, 678 
see Books; C hlorination; Chlorine, 


alum and, 


mottled, fluorine 


free, determination; Filtration, 
rapid s sand; Pipe, copper; Water, 
ground 


Iron, cast; coatings, protective, 2030 
grey, properties, corrosion, 1143 
properties in relation to corrosion, 

2030 


see Pipe, cast iron 
Iron chloride; ferric; feeding, 155 
manufacture, 160 
solubility, temperature and, 155 
solutions, storage, 155 
see C oagulation; Color removal; 
Softening 
Iron corrosion; acid, 
hibitor, theory, 1652 
H-ion concentration and, 1142 
oxygen and, sulfite protection, 813 
prevention; film, protective, nat- 
ural, and, 1142 
oxygen removal and, 
phosphate and, 1142 | toatl 
see Corrosion; Corrosiveness; Pipe 
corrosion; ete. 
Iron determination; colorimetric; 427 
hematoxylin and, 429 
in humates, ‘‘Ferron’’ and, 2026 
thiocyanate and, 1445 
step-photometric, 1149 
titration, permanganate and, nitric 
acid and, 663 
Iron, galvanized; corrosion tests, 1819 
see Pipe, galvanized; Zine 
Iron hydroxide; ferric, colloidal, bac- 
tericidal action, 1819 
see Coagulation; Color removal; 
Iron removal 
Iron removal; 433, 834, 964 
aeration; coke beds and filtration, 
1444 
in coke trays and lime, alum as 
coagulant, 1668 
and filtration; 288, 552, 1143 
Reisert pressure system, au- 
tomatic, 1661 
and lime; 1163 
and filtration, 1656 


gelatin as in- 


r 
= 
: 
if 
Ae 


1 and, 
uorine 


425 


and settling, 14388 
catalytic, 1814 
chlorination and filtration, 822 
filtration; Birm and, 552 
magno-masse and, 1143, 2016, 
2031 
slow sand, 292 
H-ion concentration adjustment 
and filtration, 552 
lime and; 149, 955 
and alum, 2029 wrt 


and ferric sulfate, 1668 


permanganate and greensand fil- 
tration, 552 
resins, Sy nthetic, and, 430 
zeolite and, 278 
Iron sulfate; see Coagulation; Iron 
removal; Manganese removal 
Irrigation; water, alkali coefficient 
and, 1146 
see Books 


Jackson, D. D.; biographical sketch, 
2028 
Jacksonville, Fla.; meter practice, 


Javel water; see Vessel, navigating 
Jute packing; sterilization, 968 


Kahoka, Mo.; sewage treatment, 970 

Kansas; mottled tooth enamel, flu- 
oride and, 1822 
well supplies, regulations, 159, 2016 

Kansas City, Kansas; elevated tanks 
and booster stations, economy and, 
273 

Kansas City, Missouri; prechlorina- 
tion, ammonia and, 970 

Kingsland Point Park; bathing beach 
pollution study, 959 

Kitchener, Ont.; annual report, 1934, 
290 


Laboratory; state department of 
health, personnel and equipment 
required, 970 
water works’, value, 290 
see Purification; Treatment 
Lakes; chain of, water supply and, 562 
fisheries and, value, pollution and, 
2029 

levels, restoration, in Wisconsin, 
2012 

microorganisms in, 561 

Lamesa, Texas; mottled 
enamel, fluorine and, 969 

Lancaster, N. Y.; leakage survey, 279 

Lancaster, Pa.; purification plant, 
remodeled, 962 = | 


tooth 
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Que.; new wood-stave pipe 
ine, 
Laundry, water; scale-buoy treat- 
ment, 
soft, advantages, 827 
Lausanne, Switzerland; pipe line 
over unstable ground, Be and, 287 
Lead; determination; 1819 
colorimetric, 427, 814, 826, 1144, 
1146, 1823 
in human bones, 443 
removal, synthetic resins and, 430 
solvency; 292, 442, 2012 
carbon dioxide and, lime and, 551 
carbonate and, 443 
H-ion concentration and, 441, 678 
oxygen, carbon dioxide and acid 


radicals and, 441 
radio earthing and, 441 oe 
water treatment and, 433 fart- 

in water, form of, 443 Be he 


see Pipe, lead; Services : 
Lead poisoning; diabetes and, 551 a 
liver disorders and, 551 
water and, concentration and, 551 
Leadite; see Pipe, cast iron 
Leakage; damage to private property, 
liability and, 954 
survey, results, 279 
Leipzig, Germany; 
and, 551 
manganese removal, 547, 822 
sewage; irrigation and, 971 
sand recovery, 2029 
swimming pool, Cumasina dis- 
infection process, 2016 
Leptothrix; 2015 
see Bacteria, iron bas 
Level; recorder, remote, es 
see Wel 
Lexington, Mass.; mains and serv- 
ices, thawing, 154, 292 - 
Lima, Ohio; algal tastes, 2035 ye 
Lime; slaker, specifications, 1665 
waterproof, 557 
Lime treatment; 677, 1439, 1443 
amines and, odor and, 2035 
excess, sterilization and, 827, 1656 
quick vs. hydrated lime, 280 
solution lines, keeping clean, 156 
see Acidity; Boiler feed water treat- 
ment; C arbon dioxide removal; 
Color removal; Corrosiveness; 
Fluorine; Iron removal; Lead; 
Manganese removal; Softening; 
Taste and odor 
Limestone; see Corrosiveness 
Lincoln, Neb.; iron and manganese 
removal studies, 148 
pipe line, leakage, 289 


lead poisoning 


556 
orine, 
i 
ation 
Vater, 
, 2030 
sion, 
155 
oval; 
813 
nat- 
ipe | 
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tric 
819 
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Liquid 


Louisville, Ky.; 


flowing, thickness, 


measurement, 2026 


Little Falls, N. Y.; ; early filtration, 


1434 


Littleton, N. H.; water supply, 832 
Locomotive; see Railroad 

London, E ngland; consumption, 443 


cuprichloramine treatment, 443 

Metropolitan Water Board, 
report, 443 

reservoir design, algae and, 2024 

typhoid and, 443 


1934 


Ont.; water works data, 


consumption, rates, meter prac- 
tice, 288 
Los Angeles, Cal.; chlorination, 554 


distribution system experiences, 
1814 

meter practice, 279 

San Diego Exposition exhibit, 673 

water supply, landscaping and, 1666 

plant revamping, 

savings and, 280 


services, meters and hydrants, 
thawing, 1665 
Lubbock, Tex.; mottled tooth 


enamel, 151 


Lynchburg, Va.; new cast iron pipe 


line, 1439 


MacConkey’s medium; see Bacterium 


coli test 


Madden Dam; see Panama Canal 


Zone 


Madras, India; carbon treatment, 434 


Magnesium; 


Magnesium determination; 


nephelometric, 550 


slow sand filters, hydrogen sulfide 
and, 434 

compounds, from sea 

water, 1446 

see Dechlorination; Fluorine; Sof- 
tening 

as am- 

monium phosphate, merry: and, 

1827 

errors and, 1657 

micro, 432, 1658 


omnt 


palmitate and, 818, 821 


photoelectric, 1825 


Magnesium oxalate; solubility, 426 


Magnesium phosphate; 


solubility, 
1816 


Magnetite; see Sewage treatment 
Magno-masse; acidity, iron and man- 


ganese removal and, 11438, 2016, 2030 


Mahoning Valley Sanitary District; 


copper sulfate treatment, 2035 
Main; cleaning; 1142 


mechanical, results; 1439 tq 


and costs, 964 


sterilization with chloride of lime 


after, 1489 TON 
costs, 278 
dual, 1814 


init 
fittings, special, 1814 1G 
flushing; theoretical principles, 423 
velocity, minimum, 423 
freezing, ‘dead end elimination and, 


in frozen ground, heating of water 
before pumping and, 953 
laying, in frozen ground, 953 
locating, new device and, 953 
old, rehabilitation, 834 
outside city limits, law and, 953 
repair, emergency, 440, 964 
sterilization, 293, 968 
in streets, property damage, law 
and, 282 
thawing; compound joints and, 155 
electric; 154, 292 
and precautions, 144 
steam and, 145, 154, 292 
utilities, other, and: 1814 
street space and, 561 
see Distribution system; 
ysis; Financing; Pipe 


Electrol- 


Maine; roadside water supplies, 292 
Manganese; black water and, 148 


detection, 1656 

determination, colorimetric, 427 

pipe deposits and, 148 

see Books; Chlorination; Chlorine, 
free, determination; Water, 
ground 


Manganese removal; 433, 834 


aeration, chlorination, contact fil- 
ters and filtration, 148 
catalytic, 1814 
chlorination and filtration, 822 
ferric sulfate and, 677 
filters, corrosion in, 2030 
filtration and; 822 
magno-masse and, 
2031 
manganese dioxide and, 547 
lime and; 149 
aeration and filtration, 1146, 1656 
alum and, 2029 
excess, and filtration, 827 
pyrolusite contact filters; 148 
cleaning, acid and, chlorine and, 
148 
resins, synthetic, and, 430 


1143, 2016, 


Manistique, Mich.; metering, 2010 
Mapping; aerial photography and, 
148 


Marble; see Acidity; Carbon dioxide 


removal ; Corrosiveness; Softening, 
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7 Marion, Ohio; cross connections, con- 
f lim trol, 
lilo . Maryland; Bureau of Sanitary Engi- 
1a. 2 neering, 1935 annual report, 1667 
tt -Delaware Water and Sewerage 


aa Association, 9th conference, 565 


3, 423 mine sealing program, 1668 
populations served by water sup- 

and, plies and sewerage systems and 

plants, 1668 

vater short school, 565 

5 State Dept. of Health, tank paint 

taste and odor tests, 1830 

typhoid and, 1668 


‘ Maryville, Mo.; purification plant 

3 data, 970 

Massachusetts; typhoid and, 952, 1156 
water supplies; and sewerage sys- 


law tems, 1156 
sources, recreational use and, 951 
155 Materials; storage yards, improve- 
ments, 1813 
see Purchasing 
Meaford, Ont.; main flushing, 423 
Mersey River; pollution, 828 
Metals; heavy, determination, 1159 
rol- see Copper; Corrosion; Lead; Sil- 
ver; etc. 
92 Meter; accuracy at low flows, im- 
portance, 1662 
large, turbine vs. compound vs. 
7 battery, 825 
maintenance; 964, 970 
ne, commission and court rulings re, 
er, 159 
practice, 279 
progress, 834 
fil- records, 285 wie 
repair, 964, 1662, 1664 
42 reversal by pumping well water 


into system, 2034 
selection, 1663 
testing; 964, 1441, 1662 
commission regulations, 282 
16, cost, 289 
frequency, 288 
machine, new, 1 
thawing; 1665 
o6 electric and steam, 154 
see Venturi; Water measurement 
Meter reading; 444, 829, 1442, 1444, 


Bo 


2010 
d, frequency, 279, 288, 964 
Metering; Cali, Colombia, 1441 
cost, 288 
London, Ont., 288 
1, Manistique, Mich., 2010 
Milwaukee, Wis., 1662 
le Tueson, Ariz., 150, 560 tive 


| 
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Methyl orange; see Chlorine, free, 
determination 
Methy] red; see Bacteria, colon group 
Methylene blue; see Bacteria, colon 
group 
Metropolitan Water District of 
Southern California; Cajalco Dam, 
1833 
Colorado Aqueduct; cement for, 
sulfate resistance, determination, 
2027 
progress, 145 
siphon design, 1829 
tunnels; construction, 553 
projections, clearing, 1433 
Parker Dam, progress, 145 
Miami Conservancy District; rainfall 
and runoff data, 147 
Miami River, Ohio; runoff study, 835 
Michigan; Conference on Water Puri- 
fication, 10th, 834 
oil field pollution, 835 
typhoid and, 835 
ae City, Ind.; new filter plant, 


Micrococcus roseus; Katadyn and, 
441 
Microcystis; taste, carbon and, 2035 
Microporite; as building material, 670 
Microscope; fundamentals and appli- 
cation to analysis, 2034 
Microscopic examination; cubic 
standard unit and conversion to 
p.p.m. by volume, 2034 
Microscopic organisms; 834 
animal poisoning and, 428 
chlorination and, 289, 1828 
color and, 677 
control, 433 
H-ion concentration and, 434 
in lakes, 561 
number present, index of, cheese 
cloth pad on tap and, 2034 
reservoirs and; designing to mini- 
mize, 2024 
stratification and, 829 
temperature and, 562 
see Anabaena; Aphanizomenon; 
Brewing; Chlorine, free, deter- 
mination; Condenser; Copper 
sulfate; Daphnia; Paper; Purifi- 
cation, self; Swimming pool; 
Synedra; Taste and odor; etc. 
Midland, Mich.; Diesel engine drive, 
exhaust, uses, 834, 953 
Millersburg, Ohio; water supp’y, 
flood and, 1156 
Milwaukee, Wis.; filter plant, new, 


146, 965, 1142 
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intestinal 1436 

metering, 1662 2 

pipe bends, reactions, diagram and, 
276 


pressure, tanks and booster sta- 
tions and, 272 
repair shops, 1661 
Mine; abandoned, sealing; drainage, 
acidity reduction and, 1153 
in Maryland, 1668 
in Ohio, progress and cost, 1153 
drainage, volume and acidity, 425 
waste pollution; acidity and, 1163 
bacterial content and oxygen 
demand of polluted water, 
effect on, 425 
control, in West Virginia, 1164 
Mineral content; see Solids; Water 
analysis; Water, mineral 
Mineralead; see Pipe joint 


Minkewitsch milk medium; see Bac- 
terium coli test 
Mississippi River; dams, concrete 


mix design, 1832 
Missouri; P. W. A. projects, 970 

Water and Sewerage Conference, 

11th, 970 

well construction, control, 971 
Mixing; 1822 

Aer-O-Mix and, 1668 

baffles and, 1665 

devices, 2033 

flocculator and, 280, 283, 965, 1442, 


2025 
mechanical, 563, 962, 1439, 1443, 
1655 


spiral flow, 287, 422 
see Coagulation; Softening 

Montana; well drilling regulations, 
552 

Montreal, Que.; intakes, existing and 
proposed, 2020 

Morris Dam; see Pasadena 

Mortar; leak-proof, 557 
percolation, leaching and, 549 
see Cement 

Mount Sterling; aeration and lime 
treatment, 1155 

Muskingum Valley; earth dams; con- 
struction, 1432 

design, models and, 1433 

flood, 1155, 1832 

Muskogee, Okla.; new filter plant, 
etc., 1440 


Naphthol; a- and B-, solubility, 429 
Narragansett Bay; oysters, water 
quality and, 957 
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National Resources re- 
port on water pollution, 1437, 1831 
state planning, review, 1433 
see Books 

Natrolith; see Softening 

Nauvoo Black Creek Coal Co.; pollu- 
tion case, 1660 

Nesslerization, color; composition, 
range, increasing, 667 

Neutral red; see Bacteria, 
group; Bacterium coli test 

Nevada; flood forecasting, snow sur- 
veys and, 422 

New Bedford, Mass.; new concrete 
supply line; 292 

chlorination, 293 
pipe manufacture, 293 

New Brunswick, J.; new filter 
plant, 1442 

New England; flood, water works 
and, 1814 
water purification and typhoid, 674 

New England Regional Planning 
Commission; activities of, 157 

New England Water Works Associa- 
tion; pipe line friction coefficients, 
committee report, 674 

New Hampshire; pollution control, 830 
Water Resources Board, tentative 

program, 2018 

New Haven, Conn.; reservoir, copper 
sulfate and carbon treatment, 281 

New Jersey; pollution control; $30 

tri-state program, 957 
Public Utility Commission, water 
works costs, analysis, 1815 
water supply and sewerage data, 
1439 


colon 


water utilities as investment, 156 
water works, financial data, 825 
New York, N. Y.; aquarium, new 

reservoir, 144 

harbor pollution, 1658 

rainfall study, 438 

steel mains; bitumastic enamel 
coating, condition, 291 
mortar-lined, carrying capacity, 

291 
tunnel number 2, progress, 146 
water, lead solvency, 2012 


New York State; flood, emergency 
work during, 676 
pollution control, tri-state pro- 
gram, 957 


P. W. A. sanitation projects, 831 

typhoid and, 830 

water, treated, population served 
with, 830 

well drilling regulations, 552 
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: Newburyport, Mass.; slow sand fil- 
tration, 292 
Niagara River; pollution, Buffalo 


and, 
Nice, France; ozone treatment, 433, 


2022 
Nickel Plate Railroad; blow-down, 
creosote loss from ties and, 962 
Niles, Ohio; see Mahoning Valley 
Sanitary District 
Nitrate determination ; in presence of 
organic matter, 819 
Nitrite; determination; 
method, 1447 
in turbid water, distillation and, 
443 
see Chlorine, free, determination; 
Swimming pool 
Nitro effect; water evaluation and, 
548 
4-Nitrocatechol; 
cator, 1446 
Norfolk, Va.; chemical feed, 1815 
Norit filter; bacterial reduction and, 
427 
dechlorination and taste removal, 
445 
Norris Dam; see Tennessee Valley 
Authority 
North Carolina; stream pollution, 
court decision, 150 
water supplies and typhoid, 830 
Norwalk; algae problem, 2034 
Nozzle, flow; Venturi and orifice 
meters, relative merits, 964 


Griess 


as titration indi- 


Oak Hill, W. Va.; softening and iron 
removal, 1163 


Odor; aeration and, 2029 


amines from fish putrefaction or 
beet waste, lime treatment and, 
2035 

Asterionella, 
2034 

bacterial growth on mains and, 2015 

determination; osmoscope and, 284 
threshold method, 284 

iodoform, iodine and, 2014 

Weber-Fechner law and, 284 

see Chlorination, taste and odor; 
Taste and odor 

- Ogden, Utah; artesian wells, Pine 

~ View Dam and, 2018 

— Ohio; Conference on Water Purifica- 


concentration and, 


tion, 15th, 2031 


‘ filter plants, B. coli results, 2033 

metering, consumption and rates, 
1153 

mine sealing, progress, 1153 


rainfall, high record, 1832 
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softening plants, new, 1155 
water supplies, drought and, 1154 
water treatment, extension of, 831 
water works funds, diversion of, 285 

Ohio River; pollution; canalization 

and, 424 
mine waste and, 1163 

purification, natural, 429 

Valley, ground water supply, geol- 
ogy and, 278 

as water supply source, future and, 
424 


Oil; determination, 1822 
removal, carbon filtration and, 1146 
Oil well brine; disposal, 835 
pollution; 835 ie 
court decision re, 960 et 
fish and, 835 
taste and, bromide and, aaa 
Oklahoma; operators, training, 441 
Water and Sewage Conference, 
10th, 159 
Oklahoma City, Okla.; frozen pipes, 
thawing, 829 
hydrants and valves, practice, 969 
meter practice, 1441 
North Side sewage plant, 160 
Olean, N. Y.; typhoid epidemic, 833 
Oligodynamic action; suspended mat- 
ter and, 434 
see Silver 
Ontario; water and sewage works, 
projected, 1831 
water supplies; data, 290 ” 
hardness, 278 
Ontelaunee Dam; see Reading, Pa. 
Organic matter; removal, powdered 
carbon and, 442 
see Chlorine absorption; Oxygen 
consumed; Purification, self 
Orifice; Venturi and flow nozzle 
meters, relative merits, 964 
Ortho; neglected for indexing pur- 
poses 
Osakis, Minn.; well tests, 440 
O’Shaughnessy Dam; see San Fran- 
cisco 
Osmoscope; see Odor 
Owyhee Dam; see United States 
Bureau of Reclamation 
Oxidation-reduction; equilibria, 2027 
indicators, 2026 
Oxyacetylene; cutting, advances, 143 
see Welding 
Oxygen; solution from bubbles, 1147 
Oxygen consumed—chlorine ab- 
sorbed; ratio, pollution and, 667 
Oxygen demand; see Purification, 
self; Swimming pool | 


3s 
Pus :. 


Oxygen dissolved; aeration and, 148, 


deficiency, perch and sunfish as 
indicators, 820 
sunlight and, 667 
see Boiler corrosion; Boiler water; 
Books; Copper corrosion; Cor- 
rosion ; Corrosiveness; Filtration; 
_ Filtration, slow sand; Heating 
_ system; Iron corrosion; Lead; 
_ Pipe, copper; Purification, self; 
Steel 


Oxygen dissolved, determination; 
1656 
Admiralty Standard portable ap- 
paratus for feed water, 1816 
colorimetric, 820 
recorder, for feed water, 1816 
Rideal-Stuart and Alsterberg meth- 
ods, 819 
in sulfite-deaerated feed water, 1654 
Winkler method; boiler feed water 
and, 1147, 1816 
errors and, 814 
in presence of reducing and oxi- 
dizing agents, 819 
reagents in tablet form, 1158 
traces and, 661, 826 
Oysters; water quality and tem- 
perature and, 957 
see Shellfish 
Ozone; odor, detection in air, dilution 
and, 2022 
Ozone treatment; 433, 443, 828, 1818, 
1824 
cost, 433, 1439 
extent employed, 2022 
history, 2022 
see Color removal; Taste and odor 


Paint; films, permeability to mois- 
ture, 2027 
zinc surfaces and, reaction and, 1444 
see Tank 

Painting; iron and steel, preparation 
for, 556 

Panama, C. Z.; amebiasis and, 1441 
Madden Reservoir, completion, 145 

Pandorina; chlorine and, 1828 

Pann Mill, England; well level indi- 
eator, 2023 

Paper manufacture; waste, composi- 
tion and uses, 971 
water for, algae, copper pipe or 

treatment with copper filings 


and, 1144 
see Sulfite waste 
Paratyphoid; epidemics, water- 
borne, 1823 


see Disease; Vessel = 


Paris, France; ozonization, 433, 2022 
water supply; 432 
Val de Loire scheme, 433 
well development, 674, 1664 
Parker Dam; see Metropolitan Water 
District of Southern California 
Pasadena, Cal.; Morris Dam; econ- 
struction, 553. 
photo- elastic experiments, 436 
Passaic; meter testing, 1662 
Pennsylvania; Sanitary Water Board, 
supply pollution and, 


typhoid and, 833, 1154 
water purification in, 1154 
Water Works Operators’ Associa- 
tion Journal, Vol. 7, 832 
Pentane extraction waste; phenol 
content, 1823 
Perch; oxygen deficiency and, 820 
Permanganate; sterilization and, 1823 
see Chlorination, taste and odor; 
Iron removal; Taste and odor 
Permutite; see Softening 
Petri dish; rack for, 825 
Petrograd; ozone treatment, 433 
Phenol; albuminoid ammonia, par- 
allel changes, 820 
in water, natural, 


determination; colorimetric, 427, 
820 


inaccuracies, 1152 Td 
fish and, 1823 on 
protein as source of, 820 
removal from waste water; 1817. 


carbon and, 1823 a0 
in road tar, 429 4 
solubility, 429 hdd 


waste; literature review, 1823 
treatment, 2029 
see Chlorination, taste and odor; 
Gas and coke works; Pentane; 
Taste and odor; Wood distillation 
Phosphate; see Boiler corrosion; 
Boiler feed water treatment; Boiler 
scale; Boiler water; Engine, in- 
ternal combustion; Hot water sys- 
tem; Iron corrosion; Softening 
Phosphate determination; color- 
imetric, 427 
micro, 1817 
step- -photometric, 668 
Photoelectric cell; see Turbidity de- 
termination 
Pine View Dam; see United States 
Bureau of Reclamation 
Pines-on-Severn, Md.; iron removal, 
1668 


water works,565 
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Pipe; bends, reaction, determination, 
diagram, 276 aS 
cleaning, acid and inhibitor, 281 
line; costs, unit, 1915-34, 284 
T diagonal, materials, formulae, 
maintenance, 150 
new; 1438 
ah sterilization with chlorine, 
’ progress, 834 
’ submerged, removal and salvage, 


146 
welded, long, 425 
progress, 1142 
for salt water, tests, 565 
see Aqueduct; Conduit; Main; etc. 
Pipe, asbestos-cement; see Pipe, 
cement-asbestos 
Pipe, brass; corrosive water and, suit- 
ability and, 821 
see Services 
Pipe, cast iron; cleaning, 675 
coating; exterior, asphalt and coal 
tar, 815 
lining; bitumastic enamel, 293 
tar, friction coefficient and 
effect of age; 674 
pH and, 675 
corrosion; coatings, natural and, 
1143 
composition, variations and, 815 
soil; calcium carbonate and, 665 
coatings and, 665 
compacting and, 665, 815 
H-ion concentration and, 664 


hydrogen sulfide and, 665 
looseness and, 664 
as silicon and, 158 
sulfate and reduction and, 
665 
Bory 


sulfur and, 1143 
joints; aluminum foil and, and cost, 


cement, 1661 


lead-substitute, leakage, de- 
i crease with time, 563 
Leadite, 2025 
rubber gaskets and, 1161 
line; leakage, 289, 2025 ate! 
new, 1439, 2025 


submarine; 560 | 

unit prices, 291 
for mains, 969 Heat 

see Books; Iron, cast; Pipe, cement- 


ar lined; Pipe coating; Pipe joint; 
ete. 
hi _ Pipe, cement; acid and permeability 
tests, 2019 
gee Pipe, concrete 


electrical drainage and, 1653 
“= enamel and asbestos wrapping, 
425 


Pipe, cement-asbestos; 555, 1152, 1436 
calcium carbonate protective coat- 
ing, lime addition and, 668 


carbon dioxide, action on, 668 = 
mains of, 432 ae 


manufacture, 1825 
Pipe, cement-lined; friction coeffi- 
cient, 675 
lining in situ; centrifugal process, 
675 
Tate process, 675 
see Pipe, steel 
Pipe coating; 1827 = 
application, methods, 153 
bibliography, 153 
bitumen vs. asphalt, 2030 is 
exterior; asphalt; vs. bitumen, 1143 
electrical drainage and, 815 
coal tar, electrical drainage and, tie 
815 


Pyralin, 153 
wrapping and, 1821 
flaw detector, electric, 284 ~ 
interior; bitumastic-enamel, fric- 
tion coefficient, 675 
bitumen, placing in situ, Eric 
process, 675 
progress, 1142 


= 
progress, 834 , 
rubber, vulcanized, 
testing, 153 
value, electrical resistance as index, oe) 


see Coating; Electrolysis; Pipe, 
cast iron; Pipe corrosion; Pipe, a 
steel; Pipe, wood; Plastics is 
Pipe, concrete; 1436 
friction coefficient, 675 7 
line; costs, unit, 144, 275, 278 
head loss, 436 Ne 
prestressed, tests, 148 
railway fill, jacking under, 275 
steel-cylinder reinforced; 554 
carrying capacity, 554 
line, 293 
manufacture, 293, 554 
see Concrete; Intake; Pipe, cement 
Pipe, copper; algae and, 1144 
corrosion ; 430 


iron and, 1823 
oxygen and, 1823 
pin-hole defects and, 1823 a 


soil and, 664 
water-air line and, 1823 
pneumatic water system, copper 


= 4 
per 
Pir 
ite 
we 
uid 
or, 
4 
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protective layer formation, oxygen 
and; 1657 
hardness and, 1144 


solder for, 822 
see Copper; Services 


Pipe corrosion; 814 ay 
capacity reduction and, 1436 
cathodic protection, 813, 1652 
dissimilar metals and, 968 
soil; calcium carbonate and, 563 

cathodic protection ; 154, 816, 1821 

coal tar enamel vs. grease 

coating and, 664 

and, 563 


_—sprevention, soil compaction and, 
563 
sulfates, biological reduction 
“is and, 563 
theory, 665 


tuberculation and, 665 
see Corrosion; Electrolysis; Pipe, 
brass; Pipe, cast iron; Pipe, cop- 
per; Pipe, galvanized; Pipe, lead; 
Pipe, steel; Pipe, wrought iron; 
Plumbing; etc. 
Pipe, Eternite; see Filtration; Pipe, 
cement-asbestos 
Pipe flow; bends and, 438 


discharge, computing, slide-rule 
and, 1830 : : 

friction coefficient, velocity and, 
675 


losses in Y-branch, 436 
measurement, venturi flumes and, 


side outlets, head gain and, 156 
see Distribution system; Pipe, cast 
iron; Pipe, concrete; Pipe, steel; 
etc. 
Pipe, galvanized; soil corrosion and, 
159, 430, 664, 823 
see Hot water system; Iron, gal- 
vanized; Services; Zinc 
Pipe joint; cement, 2016 
flat-flange, design, 1161 
gaskets and, 1161 
materials, improved, 834 
Tegul Mineralead, 
tightness and, 2021 
Tegul, new sulfur compound, 963 
see Jute; Pipe, cast iron; Pipe, steel 
Pipe, lead; corrosion; acids, weak, 
and, 1818 
"resistance; alloying and, 1819 
ancient and modern, 1818 
scour lines in extruded pipe and, 
1818 
soil and, 430 
tinning and, 430 


immediate 


pressure; limiting, 1151 
resistance to, increasing, 1151 


tellurium addition and, 1149 
thickness, economic iimit, 1151 { 
see Books; Lead; Services Br: 
Pipe locator; new device, 953 
Pipe, steel; coating; asphalt, 292 
bitumastic enamel, permanency, 
1 
interior, mortar, flow coefficient, 
1 


corrosion; electrical drainage and, 
815 
soil, sulfur and, 1143 
tuberculation and, 292 
wrought iron and, comparison, 


153 
friction coefficient, 675 
joints, lead, 954 a 
ine; cost, 275, 278 

new, 146 
old, 954 


river crossings on bridges, rocker 
and suspender supports, 2023 
riveted, head loss, 436 


submarine, gunite-coated, unit 
prices, 291 
over unstable 
ground 
virally, 954 


see Electrolysis; Intake; Pipe coat- 
ing; Pipe corrosion; Steel 
Pipe, wood-stave; coatings, 143 
creosoting, 2024 
dry rot, ensuring saturation by 
perforation and, 143 
invention and first use of, 143 
line; 2024 
cost, 2024 
Pipe, wrought iron; corrosion, steel 
and, comparison, 153 
Pipe, zinc; for water, 1821 
Pittsburgh, Pa.; pollution, Sanitary 
Water Board and, 966 
Plainview, Tex.; mottled tooth en- 
amel, 151 
Plandome, N. Y.; well water system 
and hydropneumatic tanks, 1660 
Plankton; see Microscopic organisms; 
Purification, self 
Plastics; bituminous, flow properties, 
1446 
Plumbing; cross connection and, 1814 
health and, 968 
history, 968 
siphonage and; 830, 1155, 1812 
conditions causing, 958 
vacuum and, 1812 


water pipe, corrosion, electric 
grounds and, 664 

see Books; Cross connections; 


Water closet 
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Plumbism; see Lead poisoning 
Plumbo-solvency; see Lead 
Poland; goiter, iodine in water and, 


1822 
Pollution; cattle poisoning and, 1823 
control; 830 
interstate agreement and, 957 
state, 1154, 1164, 1831 
damages, liability and; 955, 959, 
165 


9 
’ 
proof required, 956, 1660 
unforeseen causes and, 961 
indicators of; B. aerogenes and, 
1821 
chlorine absorbed-oxygen con- 
sumed ratio and, 667 
surface tension and, 1818 — 
law and, status, 1437 Low. 
National Resources Committee re- 
port, 1437, 1831 
property depreciation, 
and, 
sewage discharge and, injunction 


and, 955 
standards, trend, 662 
see Bathing beach; Books; Lake; 
Purification, self; Water, ground 
Pollution, industrial wastes; see Gas 
and coke works; Oil well; Phenol; 
Textile; etc. 
Pollution, stream; control; 830, 956, 
959, 969 
nation-wide, 959 
court decision and, gest 
losses from, 1658 
stream classification and, 434 
typhoid and, 150 
see Purification, self 
Ponca City, Okla.; new surface water 
supply, 2010 
Port Jervis, N. Y.; earth dam, leak- 
age, grouting and, 2018 
Port Philip Bay, Melbourne; pollu- 
tion study, 1149 
Portland, Me.; 
studies, 1814 
Potassium; detection; 1446 
spectroscopic, 1827 
determination, 811, 1447 wad 
see Alkali il 
Potassium permanganate; see Per- 
manganate 
Potomac River; pollution control 
project, 1831 
Poughkeepsie, N. Y.; filter plant 


liability 


frost penetration 


operation, 1442 . 


Power; see Electric; Steam plant 


Precipitate; heavy, estimating, area-— 


metric, 1160 
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Pressure; court and commission rul- 
ings re, 159 
elevated tanks and; 272, 273 
and booster stations, 272, 273 
low, boiler collapse, and liability, 
292 
Protozoa; see Purification, self 
Providence, R. I.; filter operation, 283 
water treatment, 677 
water works developments, 677 
Prussia; B. coli test, standard, 1156 
Public; relations; 833 
rulings re, 159 
see Utility 
Public service commission ; powers of, 


1663 

Public Works Administration; ac- 
complishments in water works 
field, 1812 
experiences, 157 

Pulaski, N. Y.; water supply, 282 

ae check valve slam, elimination, 
1 


improvements, review, 1434 
low lift, flood and, unit on carriage 
on inclined track and auxiliary 
on high ground, 1665 
new, 1442 
obsolescence and, 1813 
pipe line, long, starting and, 2026 
purchase, calculating total cost 
over period of years, 1815 
surge, air chambers and, 156 
testing, 440 
Pump, air-lift; see Bubble 
Pump, centrifugal; _ electrically 
driven, pressure regulation system, 
153 
performance curves, 950 
testing, 950 
Pumping cost; 150 
Pumping station; booster, automatic, 


1162 
costs, 278, 423 
drive; Diesel; 291, 1436 HarlageT 


° economy and, 834, 953 
ta, vs. gasoline engine, 289 
hae -generator vs. gas- and oil- 
fired boilers, costs and, 824 
vs. steam, cost and, 1440 
waste heat utilization, 
ade 953 
electric; 962 
automatic operation, 1813 
gasoline engine, 1436 
standby, Diesel vs. 
engine, 289 
_ steam; gallons pumped per pound 
of coal, 1162 
turbine, automatic opera- 
tion, 1813 


gasoline 
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equipment, selection, 969 
historical review, 291 if at egal 
new, 287, 1440 bedavels 
operation; automatic, 279, 2026 
cost; 150 
elevated tank and, 272, 273 


see Pressure; Well, pumping 
Purchasing; of equipment and sup- 
plies, 969 


Purification; anions, removal, 


syn- 


thetic resins and, 1160, 


control; bacteriological, 970 


developments, 154, 2011 


chemical, 828 
laboratory, 1436 8 


literature review, 2033 Hi 
plant; design, flexibility and, 422 


equipment; automatic, 1813 
progress, 834 


typhoid and, 674, 835, 1154, 1155, 


1156 


see Books; Chlorination; Coagula- 


Silver; Soften- 
Treatment; 


tion; Filtration; 
ing; Sterilization; 
etc 


Purification, self; bacterial increase, 
initial; 


in laboratory containers, 


959 


oxygen and, 817 
protozoa and, 817, 818 
temperature and, 666 


bacterial reduction; humic matter 


and, 442 


rate; 429 


plankton and; 429, 958, 1824 
ratio of wetted area to 


volume and, 958 

x temperature and, 429 

turbulence and, 958 
bacteriophage and, 551 


fish and, 546 


oxygen demand and, 429 Ka pa 


streams, artificial lakes and,545 = making ‘of, factors, 968, 2017 
Pyrethrum; see Insect a) 
Pyrolusite; see Manganese removal John, N. B., 158 


Queensland, Australia; drought of 


1902, 966 


Raccoon Creek; runoff study, 835 
Radioactivity; spring water and, 662 
Railroad boiler; blowdown; creosote 
loss from ties and, 962 


ties and track structure and, 2026 


corrosion; embrittlement and, 961 


explosions, low-water, prevention, 


and pitting, cause and remedy, 
1 


drop plugs and, 961 


feed water treatment; 280 


law and; 955, 1661 
private companies and, 1663 


lime-soda, equipment, 962 
soda ash and, turbulent boiling 
and, 817 
foaming, organic matter and, 1163 
washout periods, extension of, 962 
water, wayside tanks, elimination 
by direct pumping, 961 
see Boiler 
Rainfall; Bermuda, 432 
drought; of 1934; 147 
London, England, 443 
Ohio and, 1154 
since 1881, 286 
cartographic study, 966 
cycles and, 825 
Queensland, Australia (1902), 966 
water supplies and, 970, 1154 
well supplies and, i154 
heavy, 677 
Houston, Tex., flood and, 2024 
mean; period of record required to 
determine, 966, 967 
— of range of variation to, 
96 


Muskingum Valley flood and, 1832 
New York, study, 438 
records, need of, 1436 
runoff and, 147, 287 
St. Thomas, Ont., 287 
Seattle, Wash., 1662 
sun spots and, 552 4 
tree rings and, 552 
see Books; Stream be 
Raleigh, N. ; sewage discheses, 


court decision re, 150, 


Rates; 676 
Erie, Pa., 1162 
increase to provide surplus, 
irrigation and, 969 


London, Ont., 288 wh: 
wad 
service charge, 288 
ton unit suggested, 1661 
Tucson, Ariz.,150,560 
see Fire protection; Sprinkler sys- 
tem; Water, gratuitous 


Ohio and, 1153 


Reading, Mass.; new iron removal 


plant, 1444 


Reading, Pa.; ; gas works waste treat- 


ment, 

Maden Creek project, unit prices, 
144 

Ontelaunee Dam, unit prices, 144 


Records; see Distribution system; 


Fire hydrant; Meter; Rainfall; 
Runoff; Water analysis = 


r +“ 1 
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Reforestation ; and, 677 
see Watershed 
Refrigeration; cross connection and, 


566, 1812 
water consumption and, 566 
Reservoir; algae, minimizing, de- 


sign and, 2024 
concrete, new; 144 
leakage, 422 
waterproofing, 422 
impounding; banks, summer homes 
on, 952 
fishing in, enteritis and, 952 
new, 1438, 1444 
recreational use, 951 
silting, 2011 
service; cost, 423 
uncovered, interstate carrier sup- 
pl certification and, 444 
stratification and, 828 
see Flood; Storage 
Resin, synthetic; anions, 
with, 1160 
base exchange and, 430, 1160, 1813 
Richmond, Va.; flocculator and, 283 
lime solution lines, 156 
Riparian ; see Water rights wl 
Ritter; see Bacterium coli test ed 
River; see Books; Stream 


removal 


Road; see Highway; Tar ; 
Rochester, N. Y.; ; lodide treatment, 
433 


water shortage, emergency meas- 
ures and, 277 
Rockport, Mass.; 
fate and, 291 
Rocky Mount, N. C.; new elevated 
tank; 1440 
and filter plant, 1663 
Rodriguez Dam; progress, 145 
-Rostone; manufacture, 670 
Rotterdam, Holland; phenol 
albuminoid ammonia, 820 
Rubidium; detection, spectrographic, 
Ruhr River, Germany; natural puri- 
ay fication, artificial lakes and, 545 
Runoff; high, 2018, 2024 
¥ rainfall and, 147 
ic water supplies, frozen ground 
and, 953 
Rutland, Vt.; concrete pipe, jacking 
under railroad, 275 


Ey: Saint John; N. B.; rates, 158 
water works, 158 

Saint Louis, Mo.; Stacy Park Reser- 
voir pipe line, progress, 145 


taste, copper sul- 


and 


Saint Louis County Water Cov; 
slaker specifications, 1665 
Saint Paul, Minn.; water supply, 

lake chain, effect of, 562 
Saint Thomas, Ont.; filter plant oper- 
ation data, 287 
Salem, Mass. ; new purification plant, 
1438 
Salle; see Bacterium coli test 
Salt Lake City, Utah; well supply; 
new and cost, 2025 
water rights and, 277 
Sampling; see Bacteriological exam- 
ination; Water, mineral; Well 
San Diego, Cal.; El Capitan Dam; 
field-testing devices, 149 
progress, 145 
San Francisco, Cal.; O’Shaughnessy 
Dam, raising, unit prices, 285 
San Francisco Bay pipe line cross- 
ing, unit prices, 291 
Sand; see Filter sand; Filtration, 
rapid sand 
Sandusky, O.; intake, low water level 
and, 2032 
Sanitary engineering; see Books 
Sanitation; see Books 
Santa Barbara, Cal.; 
regulations, 831 
Saratoga Springs, N. Y.; water works, 
unit prices, 423 
Saturnism; drinking water and, 1820 
Scale-buoy treatment; 286 
Schizomycetes; new order, 
bacteriales, 672 
Scioto River; runoff study, 835 
Screen; tinned copper, corrosion by 
hydrogen sulfide, 2030 
traveling, 288 
Sea water; boron; content, 556, 1827 ae 
determination, 1826 
bromine recovery, 2028 
iron content and determination, 
1445 
magnesium compounds from, 1446 
sterilization, ultra-violet ray, 1827 
see Steel 
Seattle, Wash.; rainfall, 1662 
watershed reforestation and fire 
protection, 1662 
Sediment; in suspension, transporta-— 
tion, principles of, 1437 
Sedimentation; plant, world’s larg- 
est, 963 
in quiescent and turbulent basins 
theory, 1432 
Sedimentation basin; cleaning; 280 
mechanical, 963 
guniting, 1440 


lime 


bottled-water 
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studies, model law and, 


‘Congulstion basin 


ai Selenium; Colorado River water and, 


lethal dose, 1159 
in spring water, 1159 


Services; blowing out, compressed 
air and, 963 saa 
brass corrosion,292 = 
copper; 969 Din won 

advantages, 283 


friction loss and, 283 


frozen, thawing, 155 
depth, practice, 155 aoe 
frozen, thawing; 1812 ait 
electric; 154, 292, 829, 1665 — 
fire hazard and, 284 ree 
time and, 1665 yl 
steam and, 154, 292 “% 


galvanized; corrosion, 292 
friction loss, 283 
installation and maintenance, 2017 


lead; friction loss, 283 
solvency 
materials, 834, 2017 


trenches, joint use, 676 
see Pipe, brass; Pipe, copper; Pipe, 
galvanized; Pipe, lead 


Settling; see Coagulation; Sedimen- 


tation 


‘Sewage; B. aerogenes in, 1821 


cattle poisoning and, 1823 

pump priming, cross connections 
and, 1812 

typhoid bacilli in, 959, 1151 

see Bacterium coli test; Books 


Sewage treatment and disposal; 444, 
-§59, 828, 964, 2028 


activated sludge; 970 
B. typhosum and colon-aerogenes 
group, longevity in sludge, 1816 
diffuser mediums, 970 
gas works’ liquors, phenol and 
catechol oxidation and, 1150 
litigation, status, 970 


biology of, 970 


cess pools, ground water pollution 
and, 832 

chemical] precipitation, 970, 2029 

developments, 159 

Dunbar beds and, 970 

filters and; 560 
magnetite and, 2030 

fishponds and, 971 


as governmental function, 956, 960 Socony-Vacuum Corporation; 


rease recovery, 971 


mhoff tanks and, 970 id 
injunction and, 955 ' 
irrigation and, 970,971 


sludge digestion, 970 
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trends, 1830 
see Books 
Shawnee, Okla.; Deer Goiahs project, 

costs, 278 
3 Petroleum Co.; pollution case, 


Shelifish; typhoid and, 833 
see Oyster 

Shenandoah, Ia.; purification plant 
valves, electrical control, 953 

Shigella dissocia- 
tion and, 672 

Silica; colloidal, bactericidal action, 
1819 
determination, 


step-photometric, 


form of in mineral waters, 550 
see Boiler scale; Boiler water 
Silicate; cleansers, 1445 
see Corrosiveness 
= world’s largest de-silting plant, 
3 


see Sediment; Turbidity 
Silver; concentration, permissible, 
1144 


_ Silver, sterilization and; 1144, 1653, 
1657 


hardness, iron, manganese, hydro- 
gen sulfide and temperature and, 
663 


Katadyn and; 433, 434, 441, 1820 
albumen and, 441 
electro-, 1144, 1820 
organic matter and, 441, 1144 
silver concentration and, 441 
sodium chloride and, 441 
silvered-sand and; 1816 day 
reconditioning, 1816 
see Oligodynamic; Swimming pool 
Singapore; water supply and sewage 
disposal, 964 
Siphon; design, 1829 
house; waste utilization, 
971 
Smithfield, N. C.; Raleigh pollution 
case, 150, 956 
~ survey; flood forecasting and, 
422 
Soap; hard-water loss, scale-buoy 
treatment and, 286 
manufacture; alkaline builders ard, 
671 
dry saponification and, 671 
soft water, savings and, 2025 
softening, savings and, 955, 967 
pollu- 
tion case, 960 


Soda ash; see Acidity; Boiler scale; 


Coagulation; Color removal; Cor- 
rosiveness; Engine, internal com- 
bustion; Railroad; Softening 
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Sodium; determination, colorimetric, 


823 
see Alkali 
Sodium aluminate; see Boiler feed 
water treatment; Boiler water; 
Coagulation ; Engine, internal com- 
bustion; Softening; Taste and odor 
Sodium carbonate; see Boiler water; 
Soda ash; Softening 
Sodium hydroxide; see Acidity; Boiler 
corrosion ; Corrosiveness; Softening 
Sodium hypochlorite; chiorine ab- 
sorption by organic matter, rate, 
1655 
solutions, deterioration, 822 
see Chlorination; Hypochlorite 
Sodium iodide; see Todization 
Sodium phosphate; see Boiler feed 


water; Boiler scale; Boiler water; 


Softening 

Sodium silicate; see Corrosiveness; 
Silicate 

Sodium thiosulfate; solution con- 
taining sodium hydroxide and in- 
digo carmine, stability, 819 
see Boiler corrosion; Dechlorina- 


tion 
Softening; 433 ate. 
advantages, 827, 828, 967 Lar 


barium; aluminate and, 433. 
carbonate and hydrogen zeolite, 
2031 
hydroxide and, 2031 

base exchange; 545 
aluminum in effluent and, 1825 
corrosiveness and, sodium hy- 

droxide and silicate addition 
and, 1155 
cost, 278, 827 
H-ion concentration and, 1825 
iron removal and, 278 
advantages and costs, 


materials; Doucil, 433, 827 
glauconite, 821 


greensand, 545 


iz hydrogen permutite, 661 
Natrolith, 1825 
resins, synthetic, 430, 1160, 
1813 
Webbolite, 1825 
zeolites; exchange capacity, 
Rite aluminate content and, 
dryi 1161 
gel, drying, 
properties, 827 Hn 
plants; 433 lat 
automatic, 1813 
new, 827, 1155 
regeneration, salt consumption, 
278, 433, 827 


taste and, 1825 
theory, 549 
wash water and waste percent- 
age, 278, 827 
developments, 159 
extent employed, 1154, 1155 
hardness, residual, practice, 278, 
432, 433, 827, 1152, 1439 
ime; 1163, 2031 
alum and, 2029 
clariferand,955 
excess ; 955 : 
iron chloride and, 1656 
tt and recarbonation, 827 
mixing and; 955 J 
period, "2025 
plant, new, 1155 
_ and recarbonation, plants, 2011, 


-soda; 1163 
a dosages, calculating, 2031 
marble filtration and, 666 
p plant, new, 1155 
tons sodium aluminate and, 431 
ll and zeolite, corrosiveness 
rp and, reduction, 2032 
sodium aluminate and, 432, 1152 
literature review, 2033 
precipitation methods, sand or cal- 
cium carbonate addition and, 428 
reagents required, calculating, ’546 
sludge disposal, 827 
sodium aluminate and, 430 
sodium phosphate and, 433 
trisodium phosphate and; mag- 
nesium and, 1815 
sodium carbonate and hydroxide 
and, 1816 
see Boiler corrosion; Boiler feed 
water treatment; Soap 
Soil; base exchange in, 662 
corrosiveness; 158, 664, ae 
oil and, 425° 
frost penetration; 953 
sandy soil and clay and, 1814 
study, 1814 
see Earth; Pipe, cast iron; Pipe, 
copper; Pipe corrosion; Pipe, 
galvanized; Pipe, lead 
Solder; corrosion, impurities and, 
2027 
Solids; health and, 1146 
quality classification on basis of, 
1146 
permissible content of, 2016 
Solids, determination; conductance 
and, 1653 
Somerville, N. J.; filtration, early, 
1434 


oject, 
Case, 
4 
plant 
Ocia- 
tion, 
tric, 
ant, 
ble, 
653, 
lro- 
nd, 
| 
i | 
Be 
n, 
on 
> 
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South Pasadena, Cal.; 
2010 

South Staffordshire Waterworks Co., 
England; pumping station, auto- 
matic control, 2026 

Southeastern Journal, 7th 
meeting 

Southern Rp acific Railroad; low water 
explosions, prevention, drop plugs 
and, 961 

Sparrows Point, Md.; diarrhea out- 
break, 1668 
iron removal, 1668 

Spartanburg, 8S. C.; 
tank, 962 

Spaulding Dam; see Springfield, Ill. 

Spectroscopic analysis; see Alkali; 


elevated tank, 


new elevated 


Cesium; Potassium; Rubidium; 
Water analysis; etc. 

Spillway; see Dam 

Spirogyra borgeana; reproduction, 


carbon dioxide and, 1824 
Springfield, ; Spaulding Dam, 
dedication, 556 
Springfield, Mass.; filter operation, 


Springfield, Mo.; sewerage improve- 
ments, 970 


Springs; copper sulfate treatment, 
951 


radioactivity and, 662 auto 
rare elements and,662 
selenium and, 1159 
water supply and, 282, 288, 432 
see Water, ground 
Sprinkler system; service charge and, 
676 
Standpipe; 
274 
pre-stressed, and cost, 273 
waterproofing, 273 
iron, guniting of, 155 
see Storage; Tank 
Starch; -iodine test, sensitivity, 821 
waste, composition and uses, 971 
Stark; see Bacterium coli test 
Steam plant; advances, recent, 555 
see Boiler; Heating system 
Steel; corrosion; 1160 
carbon dioxide and oxygen and, 
670 
inhibitors, organic, and, 1161 
in sea water, copper addition 
and, 1143 
metallurgy, historical review, 558 
painting, preparation for, 556 
protective films, permeability, de- 
termining, 670 


see Boiler; Pipe, 


concrete; architecture, 
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wa: 


Sterilization; see Chlorination; er 
Ozone; Permanganate; ‘Silver: 


Swimming pool; Ultra-violet 
Storage; bacterial reduction and, 828 
elevated; 1142 
advantages, 1436 
fire insurance rates and, 274 
trend in, 2011 
see Reservoir; Standpipe; Tank 
Strain meter; elastic wire, improve- 
ments, 290 


Stream; flow, determination from 
rainfall records, 437 
gaging, automatic radio trans- 


mitters and, 1831 
sediment in suspension and, rela- 
tionship, 1437 
see Books; Pollution; Runoff 
Sugar; waste, composition and uses, 


Sugar, beet; see Odor 

Sulfate; permissible concentration, 
ulfate determination;821 
colorimetric, 1150 
nephelometric, 427 
photoelectric, 1825 
step-photometric, 
turbidimetric, 814 
volumetric; 1150, 1444, 1446 

in boiler water, 1817, 2028 
palmitate and, 825 

Sulfite waste treatment; 2029 
biological, 2027, 2029 
see Taste and odor 

Sulfur dioxide, liquid; water content, 
dete srmination, 812 
see Cylinders 

Sulfuric acid treatment; see Hydro- 
gen-ion concentration 

Sunfish; oxygen deficiency and, 820 

Sunlight; see Oxygen dissolved’ 

Surface tension determination; as 


1146 


measure of contamination, 1818, 
1822 
Suspended matter; see Sediment; 


Sedimentation; Turbidity 
Swimming pool; chemical feed, 551 
chlorination; bleac hing pow der and 
copper sulfate, 1144 
residual, bacterial counts and, 
1158 
taste and odor, chloramine and 
hypochlorous acid and, 2014 
coagulation, alum and, 1144 
filtration and, 551, 2014 
inlet and outlet arrangement, 551 
chlorine, copper 


and silver and, 2015 


sanitary control, 958 
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copper and, 427 
filtration, rapid sand, wasting afte 
washing and, 2033 ¥ ; 
measurement, 2017 nd 
microérganisms and; 828, 969 
carbon and; 833 
dosage, 2034, 2035 
point of application, 2034 


water; chemical tests, value, 1158 
Cumasina electrolytic disinfec- 
tion with silver or insoluble 
8 anodes, 2016 
Katadyn, electro-, 
1144 
nitrite, albuminoid ammonia and eoht 
oxygen absorbed, significance, 


treatment, 


66 chlorination; ammonia and, 833 
quality standard, 1656, 2015 super-, and dechlorination, 
waterproofing, tar products mee ote 833 
558 ahh copper sulfate and, 291, 292 
Synedra; chloramine and, 2034 lime and, 2035 
experience with, 565 permanganate and, 833 


taste and, 2034 


Tabellaria; copper sulfate and, 292 
Tacoma, Wash.; concrete and steel 
pipe bids, 275 
steel pipe in exposed locations, 2023 


prevention, 2016 


ozone and, 433, 1434, 1439 ae 


paint tests, 1830 


permanganate and, 291, 1434 . 
phenol, permanganate and, 291 
sodium aluminate and, 291 ye. 


Tank; elevated; architecture, 2010 softening, permutite, and, 1825 


’ cost, 962 sulfite waste, chlorination and; 
earthquake and, model studies, ammonia and, 291 
553 super- and dechlorination and, 
new, 152, 962, 970, 1443, 1663, 2010 291 


radial-cone bottom, 273, 1441 

steel, new, 279 

water level, remote control, 1443 
hydropneumatic, underground, and 

cost, 1660 


zine and, 430 
see Chlorination, taste and odor; 


or 

Taylorsville Dam; shrinkage and, 425 
Tees River; coke-oven waste pollu- 
paint, taste and odor tests, 1830 tion, 1817 
wash water, concrete, underground, Teeth, mottled enamel, fluorine and; 

146 547, 1657, 1820, 1822 
wood, 1161 concentration and, 151, 282, 824, 
see Pressure; Pumping station; 968, 969, 1813 
— Standpipe; Storage see Fluorine 
Tannery waste; utilization, 971 Tegul; see Pipe joint 
Tanning; water treatment for, 814 Temperature; see Coagulation; Color 
Tar; road, phenols in, fish and, 429 removal; Microscopic organisms 

- Taste and odor; aeration and, 1438 Tennessee River Basin; mapping, 147 
bibliography, 1434 Tennessee Valley Authority; Norris 
bleaching clay and, 1434 Dam, drill bit tests, 2023 


brines and, bromide and, 834 Texas; P. W. A. projects, status, 967 7 
carbon and; 291, 828, 833, 1813, 2011 sewage irrigation, 970 ; 
filtration, 426, 435, 445 activities, 969 
history, 1434 State Reclamation Dept., activi- 
application, point of, 150, stream pollution, 969 
289, 426, 678, 1163 tooth enamel, mottled, 151, 968 
2033 ground, resources, and _bibli- 
causes, 291, 832 ography, 2017 
chlorination and; ammonia and, quality standard, 2016 
150, 289, 291, 828 rates, analysis, 968 
super-, 422, 1164 Commission activities and, 970 
control, 159, 283, 433, 834, 969, 970, safeguarding, State Dept. 


extent employed, 1434 State Board of Water Engineers, 
powdered, addition; 157, 434, 1438 ties, 969 Aen a 
dosage, 150, 289, 426, 827, water; conservation and, 967 . 
Chara and, 1813 legislation and, 969 
pre-, 289, 291 supplies; drought and, Relief 


, 


_ works; short school, 17th, 967 


wi] status, 968 
Textile waste; composition and uses, 
971 


pollution and, 1829 

treatment and cost, 1829 
Thiobacillus thioéxidans; pH and, 425 
Thiosulfate; see Sodium thiosulfate 
Tientsin, China; water department 

report—1934, 444 
Titration indicator; 4-nitrocatechol, 


1446 
Toledo, O.; cross connections, con- 
trol, 2033 


water works funds, diversion, 284 
o-Tolidin; see Chlorine, free, deter- 
mination 
Tolkewitz; color and manganese re- 
moval, 1656 
Toronto, Ont.; dechlorination build- 
ing, new 144 
Victoria Park; filter plant, features, 
422 
oi pumping station; 287 
construction, ground water 
lowering and, 2023 
‘Treatment; 559, 967, 2030 
chemical control tests, 967 " 
developments, 159, 1142 ; 
plant, experimental, 
scale, 1822 
trends, 1830 
see Purification 
Trenton, N. J.; alum 
carbon, use of, 434 
Triphenylmethane; see Dye 
Trout; ammonia still waate and, 1817 
an cyanide and, 660, 1817 
Tueson, Ariz.; water works operation 
a and costs, metering, rates, 150, 560 


laboratory- 


containing 


‘Tunnel; 

965 

a4 construction ; 274, 553 

+ costs, unit, 144 

ep mucking, belt conveyors and, 274 
Wi in rock, air-slaking, guniting 
2 and, 553 


amie projections, removing, ma- 
suet chine for, 1433 
in shale, disintegration, asphalt 
coating and, 274 
water inflows and, 553 
lining, concrete; 274 
7 costs, unit, 144 
Turbidity; see Coagulation; 
ment; Sedimentation 
Turbidity determination, photoelec- 
tric; 963, 966 
A signal and, 289, 1813 
‘Turbine, steam; see Pumping station 


connections to, procedure, 


Sedi- 


Vinhes tic ut and, 115 55 
epidemics; Olean, N. Y., 833 
recent, 833 
water- borne; 151, 830, 1823 
gastro-enteritis 
protection and?, 1 
well and, 2033 
Germany and, 1143 
London, England, and, 443 
Maryland and, 1668 
Massachusetts and, 952, 1156 
Michigan and, 835 
New York State and, 830 
Pennsylvania and, 833, 1154 
season and, 833 
shellfish and, 833 
stream, polluted, and, 150 
trends, 833 
in United States and other coun- 
tries, comparison, 833 
water; ’ -borne; damages, court de- 
cisions and, 
responsibility and, 833 
supply and; 833 
purification and, 674, 835, 
1154, 1155, 1156 
see Bacterium typhosum; Disease 


hut 
Ultra-violet ray treatment; 434, 1824, 
1827 


or Ky.; purification and 


‘plant, 1665 
Unite States Bureau of Reclama- 


tion; All-American Canal; desilt- 
ing works, 2020 

progress, 145 
Boulder Dam; cements, heat of 


hydration, 1149 
closure, revised plan, 147 
heat prostration, salt in drinking 
water and, 1 
rock grouting, 275 
spillway, model tests, 286 
status, 2022 
storage begun, 147 
Owyhee tunnels, lining and driving, 


Pine View Dam, Ogden supply and, 
investigation, 2018 

United States Navy; boiler com- 
pound, 811 

United States Public Health Service; 
interstate carrier supply certifica- 
tion in 1933, 444 

Upper Potomac River Commission; 
1668 

Utah; ground water rights, 277 
well drilling regulations, 552 

Utica, N. Y.; softening plant, 1813 
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ing re, 15 


Vallejo, Cal.; water rights case, 144 

Valuation; Supreme Court decisions, 
1832 

Valve; improvements, 834 
materials and, 1814 
see Cross connections; Distribution 

system; Pump 

Vancouver, B. C.; see Greater Van- 
couver Water District 

Venezuela; amebiasis and, 1441 

Venturi meter; flow nozzle and orifice, 
relative merits, 964 
see Pipe flow 

Vernon, Cal.; Diesel-driven electric 
station, 555 

Vessel, navigating, water supplies; 
chlorination and _ dechlorination 
with carbon, 445 
contamination, sources, 1824 | 
filters and, 445 tel 
gastro-enteritis and, 445 
Javelle water treatment, 1823 
ozone treatment, 1824 
para-typhoid B and, 445 
potassium permanganate treat- 

ment, 1823 

ultra-violet ray treatment, 1824 

Voges-Proskauer test; special rea- 
gents and, 1819 

Volvox; chlorine and, 1828 tar 


Vom Wasser; IX, 1935, 971 


X, 1935, 2028 


Waco, Tex.; water department, ad- 
ministration, 279 

Walton, N. Y.; flood and, 677 

Warwick, R. I.; distribution system 
extensions, 677 


- Washington Suburban Sanitary Dis- 


trict; Burnt Mills filter plant, 1142, 
1668 
Water analysis; early practice, 1434 
equipment, 828 
mineral; conductivity and, 1652 
expression of results, graphical, 
1652 
spectroscopic, 548, 662 
verification by summation and 
by electrical resistivity, 547 
nitro effect and, 548 
records, importance, 1436 
Standard Methods, 8th edition, 
recommended changes, 1436 
see Bacteriological examination; 
Books; Chlorine, free; Metal; 
Odor; Phosphate; Precipitate; 
Silica; Treatment; Turbidity; 
etc. 


Utility, public; discrimination, rul- 


Water, bottled; regulations, Santa 
Barbara, Cal., 831 
Water closet; flush valves, back- 
siphonage, vacuum breakers and, 
1155 
see Plumbing 
company; mutual, operation, 
1 
obligation to serve all public, 1661 
rates, law and, 1663 
Water cost; Erie, Pa., 1162 
Tucson, Ariz., 150, 560 
Water, gratuitous; discrimination 
and, 676 
Erie, Pa., 1162 
Water, ground; composition, geo- 
logical environment and, 662 
flow, tracing, 970 
geology and, 278 
inventory, continuing, importance, 
2038 
iron and manganese and, 559 
laws relating to, 1437 
level; decrease and, 827, 1145 
lowering for construction, More- 
trench system, 2023 
restoration, in Wisconsin, 2012 
metal corrosion, hydrogen sulfide 
and, 1142 
pollution; cess pools and, 832 
copper sulfate from wood im- 
plant, 1149 
subterranean streams, court de- 
cisions and, 960 
reservoirs; capacity, evaluation, 


2019 
silting, 2017 
rights; 562 


Utah decisionand,277 
Texas and, 2017 
use, increase, air conditioning and, 
2038 
see Infiltration gallery; Spring; 
Well 
Water measurement; see Level; Noz- 
zle; Orifice; Pipe, flow; Venturi; 
Weir 
Water, mineral; analysis, spectro- 
scopic, 548, 662 
heavy metals, determination, 1159 
sampling and verification of anal- 
ysis, 547 
silica in, form of, 550 
Water quality; aluminum, limit and, 
678 
B. aerogenes, significance, 949, 1821 
chloride, limit and, 2016 
colon-aerogenes group, signif- 
icance, 833 
copper, limit and, 1144, 1147 7 a: 


= 


interstate carrier cupply certifica- 
tion in 1933, 444 
iron, limit and, 678 
lead, limit and, 551 
vs. quantity, 1163 
responsibility and, court decisions, 
151, 159 
selenium and, 1159 
silver, limit and, 1144 
solids, total; classification on basis 
of, 1146 
limit and, 2016 
standards; changes in, 1434 
status 1437 
sulfate, limit and, 2016 seid 
for various purposes, 662 
zine, limit and, 430 
see Pollution; Teeth; Swimming 
pool; Water analysis 
Water resources; governmental agen- 
cles, 
national studies needed, 147 
planning, national, 1142 - 
state planning board studies, 1433 
Water rights; appropriation and, 281 
riparian; vs. eminent domain, 562 
Jaws, 954 
vs. reasonable use, 
court decision, 143” 
see Books; Water, ground 
Water supply; cooling, copper coil 
in well and, 281 
developments and progress, 
1142, 1433, 1435 
drinking, in factories, survey, 829 
drought and, 970, 1154 
governmental function and, 960, 
663 
industrial system, new, 
ham, Ala., 1443 
institutions, code and, 957 


California 


154, 


Birming- 


lakes, chain of, and, 562 ee 
plans for, 565 
roadside, licensing, 292 


service, court decision re, 561 
source; data, 1440 
ground vs. surface, 951 


selection, 952 
supervision, state, 444 ‘jie 
surface, scoring, 158 


see Army; Books; Fire protection; 


Purification; Treatment; Ty- 
phoid; Water, ground; Water 
quality; Water works; etc. 
Water, unaccounted for; London, 
Ont., 288 
reduction, leakage survey and, 


Lancaster, N. Y., 279 
Water works; beautification, 674, 1142 
construction in frozen ground, 953 


activities of, 1437 oils 
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cost, fire protection and, 675 
damage to private property, lia- 
bility and, 954 


employees; ‘‘career service” and 


¥ against possible gains, 290 


compensation for disability, law 
and, 952 
dismissal, law and, 952 
income tax and, 1664 
licensing; 966, 1142, 1664, 1815, 
2033 
committee report, 560 
progress, 424, 2033 
schools; 440, 441, 560, 
1142 
progress, 424 
seniority, law and, 952 
training, 970 
flood and, 1156, 1814 
improvements, weighing 


565, 966, 


efficiency, increasing, 


costs 
landscaping and, 1666 
lighting system, emergency, 954 
291 
ownership; data, 1439, 2010 4 
photographs of, 280 he 
service outside city limits, law and, 
small, 673, 
1164 
2011 
see Administration; Billing; Books; 
Fire protection; Injunction; In- 
jury; Purchasing; Utility; Water 


investment, 155 
materials and equipment, progress, 
trend, 825 
952 
village, planning and constructing, 
Distribution system; Emergency; 
company; Water supply; etc. 


Waterford, N. Y.; taste and odor, 291 
Waterproofing; tar products and, 558 
Watershed; control, zoning and, 1439 


Waukesha, Wis.; 


Waupun, 


Weather; changes, theory, 281 A 


fire protection and, 1662 

reforestation, 1662 

sanitary control, 969 

standpipe, new; 273 
fire insurance rates and, 274 

well supply improvements, 561 

Wis.; softening; and iron 
removal plant, 955 
soap saving and, 955 


Webbolite; see Softening 
Weir; rounded crest, flow over, for- 


Welding; acetylene, advances in, 143 


mula, 276 
sharp-crested, suppressed,  dis- 
charge formulae and tables, 437 


see Books; Pipe, steel ne. 
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Well; artesian, under water in reser- mine waste; santeia 1164 

voir, 2018 volume, 425 


capacity; determination, 965 ollution, control, 1164 
increasing, shooting and, 970 . W. A. projects, 1163 
screen area and, 440 springs of, 1164 ’ 
cleaning, dry ice and, 966 Western New York Water Co.; meter 
construction; 951 reading and billing, 1442 ; 
control, state, 971 Weston, Ont.; well supply, auhen 
drilling, state regulation, 552, matic, 424 7 
2010 Wettingen, Switzerland; red water 
sanitary requirements, 159] and pipe growth troubles, 2015 / 


deep, cost and history, 1664 
drought and, 1154 
location, 159 
manganese and, 148 
new; 279, 674 
testing, importance, 1432 
pollution; causes, 2016 
gasoline and, 948 


Wheeling, W. Va.; ; billing and collec- 
tion, 1440 er 
White River; oxygen, sunlight and, 


567 
Willow Creek Dam; see Aberdeen, 


‘ Winnisquam Lake; pollution, 830 
Wisconsin; lake and ground water 


private wells in use for years levels, restoration, 2012 
without harm; condemning plumbing, cross connections and, RS 
and, 2033 30 A 
immunity and, 2033 well drilling, regulations, 552, 2010 , 
regulations re, Kansas, 2016 a see Books “2 
shallow, protection and, 951 _ Wood distillation waste; phenol con- | 
tracing, fluorescein-bromide and, tent, 1823 
951 Woodstock, Ill.; main cleaning prior 
typhoid and, 2033 sto use of softened water, 1439 
pumping, automatic, 279, 424 |  ] Woodsville, N. H.; water supply, 832 
reclaiming, 440 ‘ae _ Worcester, Mass.; service trenches, 
sand filters, 1656 ss joint use of, 676 
screen, manganese deposit, remov- 
; ing, acid and inhibitor, 560 Xylenol; in road tar, and solubility, 
_ sterilization, hypochlorite and, 677 429 


supply; 288, 290 


cost, 279, 2026 Yeast; Katadyn and, 441 
improvement, 561 Youngstown, Ohio; see Mahoning | 
new; 1660 Valley Sanitary District 


Layne type, 1661 ; 
protecting, private well regula- Zinc; corrosion; in distilled water, 
tions and, 829 rate and effect of temperature, 426 
vs. surface, 951 pH and, 678 
surface water irrigation and, 1144 determination, turbidimetric, 432 


water; “interpretation, pint andy ration snd 
sanitary survey and, 835 . be 


corrosiveness, limestone, addi tion, 430 
ell ‘ removal, synthetic resins and, 430 


tion to well and, 951 taste and. 430 
level, indicator, 2023 _ see Hot water system; Iron, gal- 
sampling apparatus, 965 vanized; Pipe, galvanized; Pipe, 
see Artesian; Water, ground zinc; Services ‘ 


West Virginia; Conference on Water Ziirich, Sw ritzerland; slow sand filtra- _ 
Purification, 10th, 1163 tion, results, 2015 


11¢ 
4 
1, 
‘4 
q 
: 


OFFICERS OF: 


Strength 

MEasy Installation 
Adaptability 
Safety 


High Carrying Capacity 


Initial 
Permanent 
Water Tightness 
No Electrolysis 
Long Life 
Economy 
Low First Cost 
Low Maintenance 


Low Operating Cost 


What \— Qualities Should E 


Good Pressure Pipe Line Have 


ae 


b 


Installation 


PIPE that can be readily delivered by truck and unloaded 


alongside the trench without special handling equipment. 


PIPE that can be laid and backfilled by the same machine 
that digs the trench. 


JOINTS which are self centering and do not require 
special bell holes for caulking lead or tightening bolts. 


JOINTS which make it possible to backfill the trench im- 


tages. 


mediately after pipe is laid, restoring city streets for traffic. 


Lock Joint Reinforced Concrete Pressure Pipe provides all these advan- 
Convenient lengths of twelve to sixteen feet enable a truck driver and 


one or two helpers to quickly load and unload pipe. Lock Joint pipe can 
be laid by a pullshovel as the excavation proceeds, eliminating open trenc 
Saieneting joints and joints caulked from inside the pipe eliminate all 
necessarily done in the trench on other types of pipe. Lock Joint 
methods permit resurfacing streets within a few feet of where pipe is being laid. 


Write us for descriptive literature showing the Easy Installation of Lock 


Joint Pipe. 


LOCK JOINT 


RHNFORCED CONCRE TE PIPE 


wee. 


LOCK ated PIPE COMPANY, Ampere, N. J. 
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IRON PIPE is the preferred material today 
for permanent installations for reasons which 7 
have held good for more than two centuries — the 
| strength and corrosion-resistance of the metal. We 
have improved the metal structure by our Super- 
_ de Lavaud Process of centrifugal casting in a metal 
mold without chill.We have developed linings, coatings 
and alloys for exceptional 
requirements, such as super- 


corrosive soils, waters and 
industrial processes. But 
with all that science and € @ 


invention have contributed cast iron 


to the manufacture of U.S. 
Pipe, the two principal ad- 

vantages of Cast Iron Pipe 
SUPER-DE LAVAUD 


today are essentially native | cevrRiFUGAL CAST IRON 
PIPE 
pressive strength and high atk exible. Joint Pipe 
‘resistance to corrosion. | U.S: NiRestst Cast fron Pos 
U.S. Cast Iron Culverts 
- U. S. Pipe & Foundry Co., U. S. Cast Iron Roof Plates 


Alloy and Gray Iron Castings 
Burlington, New Jersey. 
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Wittiam W. WILLIAM ron MABEE Lzon A. SmitH 
New York, N. Y. Indianapolis, Ind. Madison, Wis. ee ee 
F. Duaasr Guy C, Norturop 
Newport News, Va. New York, N. Y. Raleigh, N. C. — ne 
Linn H, ENsLow L. C. OsBorN 
New York, N. Y. Loveland, Colo. ATMA 
Terms expire 1938 
Lewis V. CARPENTER Joun A. K1EzNLE Wituiam J. OrcHARD 
New York, N. Y. New York, N. Y. Newark, N. J. 
W. P. HueHEs Tueopore A. Joun J. QuINN 
Lewiston, Ida. Omaha, Nebr. Knoxville, Tenn. 
WILLIAM W. Reeves J. Newsom Roseart 8. Weston 
Los Angeles, Calif. New York, N. Y. Boston, Mass. 
Terms expire 1939 
Harotp E. BaBBitr NE son A, Eckart M. Scumit 
Urbana, Ill. San Francisco, Calif. Lewistown, Mont. 
CHARLES BECKER Denis F, O’Brien N. THOMPSON 
; Philadelphia, Pa. East Orange, N. J. St. Paul, Minn. : 
A, P. Buack Joun B. WINDER 
Gainesville, Fla. Dallas, Tex. 
OFFICERS OF THE DIVISIONS 
‘Finance and Accounting Division.—Chairman, Hal F. Surra; Vice-Chairman, 


Jacos Scuwartz; Secretary-Treasurer, J. Aurxe; Directors, 
Louis D. Joun H. Morpocg, Jr. 


Plant Management and Operation Division.—Chairman, W. Vicror Wer; Vice- 


Chairman, Tuomas J. Sxinxer; Secretary-Treasurer, P. S. Witson; 
Water Purification Division.—Chairman, Cart J. Lavrmr; Vice-Chairman, 
Wittram M. Watuacg; Secretary-Treasurer, C. R. Cox; Members of 
Executive Committee; A. E. Berry, M. M. CoartesG. Hype. 


OFFICERS OF THE SECTIONS 


California Section.—Chairman, Rosrrt F. Brown; Vice-Chairman, JamMesE. 
Puituips; Secretary-Treasurer, Cant M. Hosxrnson; Executive Com- 
mittee: Director, A. W. W. A., Nexson A. Eckart; Past Chairman, H. A. 
Van NorMAN; JR. Barker, Grorce W. Haw Joun 8S. LONGWELL. 
Frep S. Porter, Harry ReInwARDT, and officers. 

Canadian Section.—Chairman, F. P. Apvams; Secretary-Treasurer, A. 
Berry; Director, A. W. W. A., Norman J. Howarp; Past Chairman, ~~ 

; W. L. McFavt; Manufacturers’ Representative, J.J. Satmonp; Trustees, 
C. E. Brown, C, J. DesBartiers, T. Hopkinson, A. B. Manson, L.G. 

MeNzicp, M. W. Roars. 

Central States Section—Chairman, Roserts Huisert; Vice-Chairman, E. C. 
Trax; Secretary-Treasurer, H. Luoyp NELson; Director, A. W. W. A. 

L. V. Carpenter; Trustees: term expiring 1937, W. R. LaDun; term _ 

expiring 1938, T. L. Youna; term expiring 1939, E. A. JOHNSON. ; 
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OFFICERS OF THE SECTIONS (continued) 


Florida Section,—Chairman, R. Cuinn; Vice-Chairman, Donatp § 
Wattace; Secretary-Treasurer, J. R. Hoy; Director, A. W. W. A., A. P 
Buack; Trustees: term expiring 1937, L. W. Cutrsr, J. E. Lyxes; term 
expiring 1938, J. C. Cuaurant, J. R. TANNER; term expiring 1939, G, F 
CaTLeTT, RayMonp G. RIDGELY. 

Four States Section.—Chairman, Ezra B. Wuitman; Vice-Chairman, Harry 
M. Freesurn; Secretary-Treasurer, Cart A. HEecHMER; Director 
A. W. W. A., C. H. Becxrr; Past Chairman, Isaac 8S. WALKER; Trustees: 
term expiring 1937, Lzon A. Smati, W. Compron WILLs; term expiring 
1938, I. M. Guacn, J. 

Illinois Section.—Chairman, C. H. Spauupina; Vice-Chairman, Frank (, 

AmsBary, JR.; Secretary-Treasurer, W. D. Gerser; Director, A. W. W. A. 

H. E. Bassrrr; Trustees: term expiring 1937, Ray Crozimr, term expiring 

, 1938, F. G. Gorpon; term expiring 1939, G. B. PrinpLE. 

Indiana Section.—Chairman, B. A. Vice-Chairman, Joun L. Forp: 

Secretary-Treasurer, Joun A. Bruun; Assistant Secretary-Treasurer, 

J. F. Brapiey; Director, A. W. W. A., W. C. Masze; Past Chairman, 

C. K. 
Kentucky-Tennessee Section.—Chairman, Roy J. Morton; Vice-Chairman, 

E. E. Jacopson; Secretary-Treasurer, Howarp D. Scumipt; Director, 

A. W. W. A., Joun J. Quinn; Past Chairman, L. 8. Vance; Directors, 
Hau Arno.p, C. M. McCorp. 

Minnesota Section —Chairman, Epaar W. Jounson; Vice-Chairman, Ross 

: A. Tuuma; Secretary-Treasurer, R. M. Fincu; Director, A. W. W. A,, 

L. N. THompson; Trustees, Eowin M. Grime, EvGEne Scuwarz, Feuix 

P SELIGMAN. 

_ Missouri Valley Section —Chairman, D. L. Ertcxson; Vice-Chairman, N, T, 

Veatcu, Jr.; Secretary-Treasurer, Earte L. WaTEeRMAN; Director, 

A. W. W. A., T. A. Letsen; Directors: for Iowa, Date L. Marritr; for 

Kansas, Brrnarp L. for Missouri, L. P. ANprews; for Nebraska, 
oy Frep B. Lazexz; for South Dakota, W. W. Towne. 

Montana Section.—President, F. E. Branpis; Vice-President, Roy ARrnoup; 
Vee Secretary-Treasurer, H. B. Foorr; Director, A. W. W. A., JoszpH M, 
Scumit; Trustees, Grorce Atkinson, H. 8. THanez. 

New England Section.—Chairman, Harry U. Fvuuier; Vice-Chairman, 

Cuartes W. Mowry; Secretary-Treasurer, SamugeL M. 

Director, A. W. W. A., Ropert S. Weston; Trustees, Haroup W. Gris- 

WOLD, FRANK A, Marston. 

New Jersey Section.—Chairman, 8. F. Newkirk, Jr.; Vice-Chairman, C. 

Moon; Secretary-Treasurer, P. S. Director, A. W. W. A., Wi- 

; LIAM J. OncHARD; Trustees, J. A. Carr, W. R. Conarp, G. F. WieaHanpr. 

New York Section.—Chairman, W. T. Fretp ; Vice-Chairman, ALan D. Draxg; 

Secretary-Treasurer, R. K. Buancuarp; Director, A. W. W. A., REEVEs 


ee J. Newsom; Trustees, FRANKLIN HEeNsHAW, Ernest L. H. Meyer. 
North Carolina Section.—President, C. E. Rayne; Vice-President, J. C. 
Martin; Secretary-Treasurer, A. R. Director, A. W. W.A., 

Tricz; Past President, E. D. Burcuarp. 

Pacific Northwest Section.—Chairman, A. H. Lassap; Vice-Chairman, M. H. 

cGuirE; Secretary-Treasurer, MERRYFIELD; Director, A. W. W.A., 

W. P. Hueuzs; Trustees, Joann W. CunNINGHAM, Harotp D. Fow.er. 

Rocky Mountain Section.—Chairman, Paut 8. Fox; Secretary-Treasurer, 
i) B. V. Howe; Director, A. W. W. A., L. C. Osporn; Past Chairman, D. D. 
# Gross; Trustees: term expiring 1937, T. H. Batpwin, Bren Davis; term 
expiring 1938, K. W. CaLpwE Lt, O. B. SumnER; term expiring 1939, B. G. 

Coy, J. P. Sopzrstrum. 

Southeastern Section.—Chairman, J. E. Jaaaer; Vice-Chairman, D. Ruett 
PRINGLE; Secretary-Treasurer, W. H. Werr; Director, A. W. W. A., W. H. 
Werr; Trustees, A. CLINTON W. W. Pointer, C. P. TOWNSEND, 
T. E. P. Woopwarp. 

Southwest Section—Chairman, Henry E. Nunn; Vice-Chairman, Tuomas L. 
Amiss; Secretary-Treasurer, Lewis A. Quiauey; Director, A. W. W. A., 
Joun B. WinpvER; Past Chairman, George J. Rowan; Trustees: for 
Arkansas, L. M. Ressamen; for Louisiana, R. H. Brooks; for Oklahoma, 

_ L.H. Scort; for Texas, A. M. BRENNEKE. 

Virginia Section.—Chairman, A. L. Vice-Chairman, B. Rice; 
Secretary, H. W. Snrpow; Treasurer, E. C. Director, 
A.W.W.A., Eugene F. Past Chairman, S. L. WILLIAMson; 
Trustees, Howarp A. JOHNSON, MaRspEN C. Smiru. 

Wisconsin Section.—Chairman, CLARENCE 8S. GRUETZMACHER; Vice-Chairman, 
U. Gatuaner; Secretary-Treasurer, L. A. Smiru; Director, A. W. 
W. A., L. A. Smita: Past Chairman, A. P. Kuranz; Director, W. C. 
SraEFFLER. 
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COMING MEETINGS 


December 29, 19836—New York Section—Hotel New Yorker, New 
York, N. Y. Secretary, R. K. Blanchard, Neptune Meter 
Co., 50 W. 50th St., New York, N. Y. 


March 25-26, 1937—Four States Section—Philadelphia, Pa. Sec- 
retary, Carl A. Hechmer, Department Engineer, Washington 
Suburban Sanitary District, Hyattsville, Md. 


March 30-April 1—Florida Section—Place to -be announced later. 
Secretary, J. R. Hoy, 404 Hildebrandt Bldg., Jacksonville, Fla. 


April 6-8—Southeastern Section—Place to be announced later. 
Secretary, W. H. Weir, State Board of Health, 135 State 
Capitol Bldg., Atlanta, Ga. 


April 12-14—Kentucky-Tennessee Section—Hotel Patten, Chatta- 
nooga, Tenn. Secretary, H. D. Schmidt, Associate Director, 
Division of Sanitary Engineering, State Health Department, 
Nashville, Tenn. 


April 14-16—Canadian Section—Hotel Windsor, Montreal, Can- 
ada. Secretary, A. E. Berry, Ontario Department of Health, 
Parliament Bldgs., Toronto, Ont., Canada. 


April 19-22—Montana Section—Lewistown, Mont. Secretary, 
H. B. Foote, Director, Division of Water & Sewage, State 
Board of Health, Helena, Mont. 


April 29-30—Illinois Section—Springfield, Ill. Secretary, W. D. 
Gerber, State Water Survey Division, Box 232, 57 Chemistry 


Bldg., Urbana, Ill. 


May 20-22—Pacific Northwest Section—Place to be announced 
later. Secretary, Fred Merryfield, Assistant Professor of 
Civil Engineering, Oregon State College, Corvallis, Ore. 


June 7-11—Annual Convention of American Water Works Associa- 
tion—Hotel Statler, Buffalo, N. Y. Secretary, Harry E. 
Jordan, 29 W. 39th St., New York, N. Y. 


August 18-20 (tentative)—Central States Section—Dearborn, Mich. 
Secretary, H. Lloyd Nelson, U. 8. Pipe & Foundry Co., 2122 
Koppers Bldg., Pittsburgh, Pa. 


October 11-14—Southwest Section—Austin, Tex. Secretary, L. A. 
Quigley, Superintendent, City Water Works, 3320 W. Berry 
St., Fort Worth, Tex. 


October 20-23—California Section—Place to be announced later. 


Secretary, Carl M. Hoskinson, Chief Engineer, Division of 
Water, Sacramento, Calif. 
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OFFICERS UF THE SSOTIONG (continued 


-€HANGES IN MEMBERSHIP — 
expiriny October Ist to 31st, 1936 


Barton, CLIFFORD, Supt. of Water, Forrest City, Ark. 

Becker, Etmer W., Senior Engr., Milwaukee Water Works, 2867 N. 72nd St 
Milwaukee, Wis. 

BLAKEMAN, H. W., Supt. of Water, Rayville, La. 

Burack, Wriu14M D., Engr., Wallace & Tiernan Products Co., Inc., 90 Syca- 
more Ave., Livingston, N. J. 

BussERT, Luoyp E., Chief Filter Operator & Purchasing Agent, Filtration 
Plant, Dept. of Water Works, Hammond, Ind. 

Commins aaa J., Assoc. Engr, Examiner, P.W.A., 318 Phillips Hall, Chapel 

ill, N.C. 

Des Moines Water Works, Dale L. Maffitt, Sect. & Gen. Mgr., Des Moines 
Ia. (Corp. M.) 

Divinz, T., Water Plant Operator, Monticello, N. Y. 

Fresen, Doveuas, Senior San. Chemist, City Filtration Plant, Water Works 
Park, Detroit, Mich. 

Hastincs Boarp or Pusiic Works, Lee M. Nelson, Supt., Water & Light 
Dept., Hastings, Nebr. (Corp. M.) 

Jackson, Paut D., Supt., Bedford Water Works, City Hall, Bedford, Ind. 

LavuGuHuin, Henry F., Research Chemist, Industrial Chemical Sales Co., Ine., 
563 Oak St., Tyrone, Pa. 

Lou, P. agi Student, Purdue University, P. O. Box 521, West Lafay- 
ette, Ind. 

MELBOURNE & MetTrROPOLITAN Boarp or Works, 110 Spencer St., Melbourne, 
C. 1, Victoria, Australia. (Corp. M.) 

New Westminster, Crry or, Andrew Hunter, Water Works Supt., 8th St. & 
8th Ave., New Westminster, B. C., Canada. (Corp. M.) 

OBEL, JouN C., Cuba City, Wis. 

Payne, Frep S., Maintenance Div., Los Angeles Aqueduct, Dept. of Water & 
Power, Box 5, Little Lake, Calif. 

Rosinson, Hamitton E., City Engr. & Water Supt., City Hall, Huntington 
Park, Calif. 

Ross, A. W., Vice Pres., Layne New York Co., 246 Upper Mountain Ave., 
Upper Montclair, N. J. 

Rusze, R. O., Civil Engr., 23rd & Merriam Road, Kansas City, Kan. 

SaLTER, FitzGERALD, Supt., City Water Works, Montgomery, Ala. 

Scor, L. H., Filtration Engr., Water Dept., 3415 W. 22nd St., Oklahoma City, 

a. 

SrarHam, Ricuarp N., Industrial Chemical Sales Co., Inc., 418 Schofield Bldg., 
Cleveland, O. 

TerzuaFr, Frank, Librarian, 4652 Spuyten Duyvil Parkway, New York, N. Y. 

VauaGun, JAMEs C., Chemist-Bacteriologist, Hammond Filtration Plant, 1713 
Stanton Ave., Whiting, Ind. 

Waaes, R. E., Supt. of Water Works, Springdale, Ark. 


Reinstatements 

Brupen, C. O., Wallace & Tiernan Co., Inc., 432-119 E. Washington Ave., 
Madison, Wis. 

Burris, Mitron D., Shaft No. 1, Mono Basin Project, Bishop, Calif. 

Crcit, LAawrEeNcE K., Box 1289, Tulsa, Okla. 

Copper & Brass Researcu Asswn., Carter 8. Cole, Engr., 420 Lexington Ave., 
New York, N. Y. (Assoc. M.) 

IcLtenart, H. G., Water Works Construction Engr., Houston, Tex. 

Dept., Tulsa, Okla. (Corp. M.) 

Wiatey, Cuester G., 16 East Drive, Marven Gardens, Atlantic City, N. J. 


Deaths 


A: 

Hitt, S., Jr., Cons. Engr., 112 E.19th St., New York,N.Y. 

RosENTRETER, HERMANN, 330 Mt. Prospect Ave., Newark, N. J. pei, 

Scuearer, Curis F., Supt., Highland Park Water Dept., 30 Gerald Ave., 
Highland Park, Mich. 


Transfers Between Sections | 
GreEN, Cart E., Pacific Northwest Section to California Section. | 
U. Soret Sarria; Directors 
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 Calking Tools: 


Access Shafting: 

Alco Products, Inc. 
Activated Alum: STi 
Activated Alum Corp. 

Activated Carbon: 
Graver Tank & Mfg. Co., Inc. 


Industrial Chemical Sales Co., Inc. 


Agitators: 

Alco Products. Inc. 

Chicago Bridge & Iron Works 

Graver Tank & Mfg. Co., Inc. 

Air Compressors: 

Allis-Chalmers Mfg. Co. 

DeLaval Steam Turbine Co. 

Worthington Pump & Machinery 

Corp. 
Air Lift Pumping Systems: 

Worthington Pump & 

Corp. 
Airlocks: 

Alco Products, Inc. _ 
Alum: 
Activated Alum Corp. 

General Chemical Co. 

Pennsylvania Salt Mfg. Co. 
Ammonia Receivers: 

Alco Products, Ine. 

ae Bridge & Tron Works 

ua Tester: 

Asbestos-Cement Pipe: 

Johns-Manville Corp. 
Base-Exchange Silicate (Zeolite): 

Permutit Co. 

Zeolite Chemical Co. 

Boiler Blowoff Apparatus: 
Graver Tank & Mfg. Co., Inc. 
Permutit Co. 

Brass Goods: 
(See also Pipe, Brass) 


Valve Mfg. Co 
enne alve Mfg.Co. 
Kitson “bo. 
Mueller Co. 


A. P. Smith Mfg. Co. 

Union Water Meter Co. 
Brass Well Screens: 

A. D. Cook, Ine. 

Edward E. Johnson, Inc. 


Mueller Co. | 
"Gee Pipe) 
Cement Lined Pipe: on 
(See Pipe) 


CLASSIFIED INDEX TO ADVERTISEMENTS | 


Cement Lining Presses: 

Union Water Meter Co. 

Chemical Feed Apparatus: 
American Water Softener Co. 
Builders Iron Foundry 
Graver Tank & Mfg. Co.. Inc. 
New York Continental Jewell 

Filtration Co. 
Permutit Co. 
La Motte Chemical Products Co. 

Chemicals for Water Purification: 
Activated Alum Corp. 

General Chemical Co. 
Industrial Chemical Sales Co., Ine. 
Wallace & Tiernan Co., Inc. 

Chlorine Comparator: : 
Hellige, Inc. 
La Motte Chemical Products Co. 

Chlorine, Liquid: 

Grinnell Co. 
Clarifiers: 
Graver Tank & Mfg. Co., Ine. 
Permutit Co. 
Cla Spaders: 


Ross Valve Mfg. Co. 

Pennsylvania Salt Mfg. Co 

Pennsylvania Salt Mfg. Co. 
Pump & Machinery 


Wallace & Tiernan Co., Inc. 
Chemicals for Laboratory Use: 
Difco Laboratories 
Chemists and Engineers: 
(See Directory of Experts, page 15) 
Chlorinators: 
Wallace & Tiernan Co., Inc. 
Bell Joint: 
S. R. Dresser Mfg. Co. 


Corp. 
Cleaning Water Mains: 
Water Main 


Coagulation Control: 
Activated Alum Corp. ve 
Cocks, Curb and Corporation: 
Crane Co. 
Kitson Co. 
Mueller Co. — 
A. P. Smith Mfg. Co. hele : 
Union Water Meter Co. | ¥ 
Color Standard for Turbidity, Nie 
Iron, etc.: 
Hellige, I 
LaMotte Chemical Products Co. 
Colorimetric Analysis Equipment: 
Hellige, Inc. 
LaMotte Chemical Products Co. 


‘ 
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Concrete Forms: 


Alco Products, Inc, 
Condensers: 
Allis-Chalmers Mfg.Co. 


United States Pipe & Foundry Co. 
Worthington Pump & Machinery 


Couplings, Flexible: 
DeLaval Steam Turbine Co. 
S. R. Dresser Mfg. 


Curb Boxes: 
Mueller Co. 
Dewatering Pumps: ¥} 


Worthington Pump & Machinery 
Corp. 
Diaphragms, Pump: 
Edson Corp. 
Diesel Engines: 
Pump & Machinery 


Drills, | 
Worthington Pump & Machinery 


Corp. 
Electrically Operated Gate Valves: 
Crane Co. 
Kennedy Valve Mfg. Co. 
Electric Motors: 
U. 8. Electrical Motors, Inc. 
Engineers and Chemists. 
(See Directory of Experts, page 15) 
Engines: 
e Pumps and Pumping Engines) 
Feed Water Filters: 
American Water Softener Co. 
Graver Tank & Mfg. Co., Inc. 
Permutit Co. 
Ross Valve Mfg. Co. 
Feed Water Heaters: 
Worthington Pump & Machinery 


rp. 
Feed Water Testing Outfits: 
Hellige, Inc. 
La Motte Chemical Products Co. 
Feed Water Treatment: 
American Water Softener Co. 
Graver Tank & Mfg. Co., Inc. 
Permutit Co. 
Filter Rate Controllers and Gages: 
(See Rate Controllers) 
Filters and Water Softening Plants: 
American Water Softener Co. 


Corp 
A. D. Cook, doy ete) 
Well Drilling: 
D. Cook, Ine. 
American Brass Co. oie 


Filtration Sand: 


INDEX TO ADVERTISEMENTS 


Chicago Bridge & Iron Works 

Fuller & Everett 
Cuma Tank & Mfg. Co., Ine. 

New York Continental Jewell 

Filtration Co. 

Permutit Co. 

Zeolite Chemical Co. 
Filtration Plant Equipment: 
American Water Softener Co. 
Builders Iron Foundry 
Chicago Bridge & Iron Works 
Difco Laboratories 
Graver Tank & Mfg.Co.,Inc. 
New York Continental Jewell 
Co. 

ermutit Co. 

Permutit Co. re 
Fittings, Copper Pipe: 

Crane Co 

Kitson Co. 

Mueller Co. 

Fittings, Tees, Ells, etc.: 
Builders Iron Foundry 
Crane Co. 

S. R. Dresser Mfg. Co. 

Grinnell Co. 

Mfg.Co. 

Kitson 
Flexible Joints: 

Crane Co. 

8. R. Dresser Mfg. Co. 
United States Pipe «& Co. 


R. D. Wood Co. Eh 
Alco Products, Inc. 


Chicago Bridge & Iron Works mE: a 
Graver Tank & Mfg. Co.,Inc. 
Furnaces: 


Mueller Co. 
A. P. Smith 
Gages, Surface, eservoir and Spe- 
cial Water Works: 


American Water Softener Co. 
Builders Iron Foundry 
New York Continental Jewell 
Filtration Co. 
Gas Engines: 
‘a Pump & Machinery 


Chicago Bridge & Iron Works = 
Gate Valves: 
(See Valves, Gate) 
Gates, Shear and Sluice: 


he 


Gears, Speed Reducing: 
DeLaval Steam Turbine Co. 
Goosenecks (with or without — 


tion Stops) : 
Permutit Co. 
Zeolite Chemical Co. yi 


Hose, Suction and Discharge: 
Edson Corp. 
Fire: 

D. Cook, Inc. 
aru Valve Mfg. Co. 
Rensselaer Valve 
Valve 

P. Smith M 
D. Wood 


Hydrants. Sprint and Flushing: 
ennedy V alve 


Mueller Co ne 
Rensselaer Valve Co. aaa 
. P. Smith Co. 
Hydrant Protectors: 


Pumps: 


Hydraulically Operated Gate Valves: 
Kennedy Valve Mfg. Co. 
Hydrogen Ion Equipment: 
ellige, Inc. 
La Motte Chemical Products Co. 
Indicators, Combustion, CO:, NH, 


SOx, etc.: 
Permutit Co. 
Inserting Machines: 
A. P. Smith Mfg. Co. +, 


Iron Removal Plants: 
American Water Softener Co. 
Graver Tank & Mfg. Co., Inc. 
New York Continental Jewell 

Filtration Co. 
Permutit Co. 

Jointing Materials: 

Atlas Mineral Products Co. 


Crane Co. 

Hydraulic Development Corp. 
Leadite Co., Inc. 

Mueller Co. 


Laboratory Apparatus: 
Difco Laboratories 
Lime Putty Plants: 
Chicago Bridge & Iron Works 
Lime Slakers and Feeders: 
Graver Tank & Mfg. Co., Inc. 
Liquid Chlorine: 
See Chlorine, liquid) 


TO ‘ADVERTISEMENTS 


Neptune Meter Co. 
Pittsburgh 


Pittsburgh Meter Co. 


Meter Testers: 
Buffalo Meter Co. uv’ 
Ford Meter Box Co. ose 

Hersey Mfg. Co. 
National Meter Co. 


Machines, 
Mueller 

Machines, Lead Flanging: 
Mueller Co. 

Meters: 

Buffalo Meter Co. 

Builders Iron Foundry 

Crane 

Graver Tank & Mfg. Co., Inc. 

Hersey Mfg. Co. 

National Meter Co. 


uitable Meter Co, 
oh A. P. Smith Mfg. Co. 
R. W. Sparling 
Thomson Meter 
Union Water Meter Co 
Worthington-Gamon Meter Co. 
Meters (Venturi Type): 
Builders Iron Foundry 
National Meter Co. 
Meter Boxes: 
Crane Co. 
Ford Meter Box Co. 
Mueller Co. 
Pittsburgh Equitable Meter Co. 
Meter Couplings: 
Buffalo Meter Co. 
Crane Co. 
S. R. Dresser Mfg. Co. 
Hersey Mfg. Co. 
Mueller Co. 
National Meter Co. 


Thomson Meter Co 
Union Water Meter 
Worthington- Gamon Meter Co. 

Meter Coupling Yokes: 

Ford Meter Box Co. 

Mueller Co. 
Meter Reading and Record Books: 

Buffalo Meter Co. 


Meter Co. 

Pittsburgh Equitable Meter Co. 
Meter Washers: 

Mabbs Hydraulic Packing Co. 
Mixing Kettles: 

Alco Products, Inc. 

Graver Tank & Mfg. Co., Inc. 
Motors, Electric: 
Allis-Chalmers Mfg. Co. 

U. 8. Electrical Motors, Inc. 
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Oil Engines: 
Allis Chalmers Mfg. Co. 
Worthington Pump & Machinery 


Cor 
Rawhide: 
Mabbs Hydraulic Packing Co. - 
Pavement Breakers: 
—e Pump & Machinery 


Steel: 
Alco Products, Inc. 
Chicago Bridge & Iron Works 
Graver Tank & Mfg. Co., Inc. 
ran 


Manville Corp. 

Pipe, Brass: 
American BrassCo. 
Crane Co. 

A. P. Smith Mfg. Co. 

Pipe, Cast Iron (and Fittings): 
American Cast Iron Pipe Co. 
Central Foundry Co. 

Crane Co. 

Lead Lined Iron Pipe Co. 

United States Pipe te Foundry Co. 
Warren Foundry & Pipe Corp. 

R. D. Wood Co. 


Pipe, Cement Lined: 
American Cast Iron Pipe Co. 
Central Foundry Co. 
United States Pipe & Foundry Co. 
na Foundry & Pipe Corp. 
Co. 

Pipe, Concrete: 
pes Joint PipeCo. 
Pipe. Copper: 

rane 
Mueller Co. 
Pipe Cutting Machines: 
rane Co. dere 
A. P. Smith Mfg. Co. pO": 


Pipe Jointing Materials: 
(See Jointing Materials) =~ 

Pipe Joints, Mechanical: a 
Crane Co. 
8. R. Dresser Mfg. Co. 

Pipe, Lead Lined (and Fittings): 
Crane Co. 

Lead Lined Iron Pipe Co. 

Pipe, Pressure, Riveted and Welded: 

Alco Products, Inc. 

Chicago Bridge & Iron Works 

Crane Co. 

Pipe, Steel: 

Alco Products, Inc. 


INDEX TO ADVERTISEMENTS 


Chicago Bridge «& Iron Werke 


Crane 
rane 


Mueller Co, 
Ross Valve Mfg. 
Union Water 

Provers, Water: 

Co. 

an ping En 
Allis-Chalmera Mfg. 
DeLaval Steam Turbine Co. 
Ross Valve Mfg. Co. hae 
Sterling Engine Co. wee: 
Pump & Machiner 


rp 
Pumps, Attached to Steam Turbines: 
A. D. Cook, Ine. 25 
Pomona Pump Co. 
Pumps, Centrifugal: 
ump Mochineey 


Pumpe, Beep Well: 

Cook, Inc. 
Crane Co. 
Jensen Bros. Mf 
Pomona Pump Co. 
— Pump & Machinery 


2 


rp. 
Jensen Bros. Mfg. 


Co. 
Pomona Pump Co. A 
"Sone & Machinery : 


Co. 
eter Co. 


. Co. 


rp. 
Ss, 
n Corp. 


rp 
Pumps, Sump: 
A. D. Cook, Ine. 
Pomona Pump Co. 
Worthington ‘Sane & Machinery 


Corp. has & 
A.D.Cook,Incw 


Pomona Pump Co. 

Worthington Pump & Machinery 
Corp. 

Rate Controllers: 

American Water Softener Co. 

Builders Iron Foundry 

New York Continental Jewell 
Filtration Co. 


i= 
4 
Pumps, Power: 


INDEX TO ADVERT 


Recorders, Gas Density, CO:, NH;, Strainers, Suction: 
SO,, etc.: Crane 
Permutit Co. Edson Corp. 
Recording Instruments: = | Sulphate of Alumina: 
Builders Iron Activated Alum and Alum) 


Permutit Co. --—s Sump Pumps: 
Reservoirs, Steel: Cook, Inc. 
Chicago Bridge & Works Crane Co. 
Graver Tank & Mfg. Inc. Pump & Machinery 
Pittsburgh-Des "Steel Co. 
Rock Drills: Sutnin Pool Refiltration System: 
—— Pump & Machinery Graver Tank & Mfg. Co., Ine. 
orp. 
Sand, Filtration: Danks, Elevated Steel: 
Dawes Silica Mining Co. Chicago Bridge & Iron Works 
Permutit Co. a __ Pittsburgh-Des Moines Steel Co. 
Service Clamps, Galvanized: a Tanks, Mixing: 
Mueller Co. _ Aleo Products, Inc. ; 
Shaft Linings: Chicago Bridge & Iron Works 
Alco Products, Inc. Graver Tank & Mfg. Co., Inc. 
Shovels, Underground: Tanks, Steel: 


Allis-Chalmers Mfg. Co. Chicago Bridge & Iron Works 


Sleeves: Graver Tank & Mfg. Co., Inc. 
Crane Co. Pittsburgh-Des Moines Co. 
S. R. Dresser Mfg. Co. ‘Tap | en: 

Grinnell Co. 


‘Sleeves and Valves, Mfg. Co. 


Crane Co. Tapping Sleeves: 
_ Mueller Co. rth e Sleeves and Valves, Tapping) 
Rensselaer ValveCo. = =  —S- Taste and Odor Removal Plants: 


A. P. Smith Mfg.Co. Graver Tank & Mfg. Co., Inc. 
R. D. Wood Co. af ih Industrial Chemical Sales Co., Inc. 
Sleeves, Long, River, Split: = Permutit Co. i 


S. R. Dresser Mfg. Co 


Taste Removal: 
Softeners and Purifiers: aif 
American Water Softener Co. Graver Tank & Mfg. Co., Inc. 
Graver Tank & Mfg. Co., Inc. Turbidimeters; 
Alco Products, Inc. D, Cook, Inc. 
Chicago Bridge & Iron Works Worthington Pump & Machinery 
Graver Tank & Mfg. Co.,Inc. Corp. 
Stacks: Turbines, Steam: 
Chicago Bridge & Iron Works Allis-Chalmers Mfg. Co. 
Graver Tank & Mfg. Co., Inc. DeLaval Steam Turbine Co. 
Standpipes, Steel: Turbines, Water: 
hicago Bridge & Iron Works DeLaval Steam Turbine Co. 
Graver Tank & Mfg. Co., Inc. Valve Boxes: 
Pittsburgh-Des Moines Steel Co. Crane Co. 
Steel Plate Construction: Ford Meter Box Co. 
Chicago Bridge & Iron Works Valve Mfg. Co. 
Graver Tank & Mfg. Co., Inc. Mueller Co. 
Storage Tanks: Rensselaer Valve Co. 
Alco Products, Inc. P. Smith Mfg. Co. 
Chicago Bridge & Iron Works R. D. Wood Co. 
Crane Co. Valve Inserting Machines: 


Graver Tank & Mfg.Co.,Inc. A. P. Smith Mfg. Co. 


. 
SEMENTS 
ee 
ag 


ves, Altitude: 
gn Anderson Valve Specialty 


Co. 
Ross Valve Mfg. Co., Inc. 
Valves, Check, Flap, Foot, Hose, 
Mud and Plug: 
A. D. Cook, Inc. 
Crane Co. 
ves, Compounding: 
4 Water Meter Co. 
Valves, Detector Check: 
Grinnell Co 
Valves, Float: 
Crane Co. 
Golden-Anderson Valve Specialty 


Co. 

Ross Valve Mfg. Co., Inc. 
Valves, Gate: 

Crane Co. 

R. Dresser Mf, 

Kennedy Valve Mfg. Co. 

Mueller Co 

Rensselaer Valve Co. 

A. P. Smith Mfg. Co. 

United States Pipe & Foundry Co. 


R. D. Wood Co. 
Valves, Large Diameter: 
) Alco Products, Inc. - 
Crane Co 
Valves, Regulating: 
Cc, Crane Co. 
Golden-Anderson Valve Specialty 
Co. 
Mueller Co. 
Ross Valve Mf ity. Os 
Union Water Meter Co. ee 
Valves, Relief (Temperature and 
Pressure): 
y Crane Co. 
Kitson Co. 
Valves, Swing Check: 
Crane Co. 


— Valve Specialty 


Grinnell Co. 
Kennedy Valve Mfg. Co. 

Valves, Uniflow Check (for Double 
Check Service) : 

Grinnell Co. 


‘aid 


Valves, Water Meter Protection: 
Crane Co. 

Kitson Co. 

Water Softener (Hot Lime Soda): 
Graver Tank & Mfg. Co., Inc. 
Permutit Co. 

Softener (Zeolite): 

Graver Tank & Mfg. Co., Inc. 
Permutit Co. 
Zeolite Chemical Co. 

Water Softening Plants: 
American Water Softener Co. 
Fuller & Everett 
Graver Tank & Mfg. Co., Inc. 
New York Continental Jewell 

Filtration Co. 
Permutit Co. 
Zeolite Chemical Co. 

— Su D Cock. Contractors: 

Inc. 

Water Apparatus: 
Hellige, Inc. 

LaMotte Chemical Products Co. 

Water Treatment Plants: at 
American Water Softener Co. Fs: 
Graver Tank & Mfg. Co., Inc. 
Permutit Co. 

Zeolite Chemical Co. 

Water Waste Detection: 
Builders Iron Foundry 
Pitometer Co. 

Water Works Construction, General: 
Pittsburgh-Des Moines Steel Co. 

Well Drilling Contractors: : 

A. D. Cook, Ine. 

Well Screens: 
A. D. Cook, 
Crane Co. 
Edward E. Johnson, Inc. 

Wrenches. Ratchet: 

Crane Co. 
8. R. Dresser Mfg. Co. 

Zeolite (Water Softener): 
Graver Tank & Mfg. Co., Inc. gifs 
Permutit Co. ae 
Zeolite Chemical Co. 

Zeolites (Natural and Synthetic Min- 

erals): 
Graver Tank & Mfg. Co., Ine. 

Permutit Co. 


Inc. 


¥ 
: 
) 
e 
m: 
23 
: 
x 
— 
. 
7 


Aleo Products, Inc............... 22 
_ Alvord, Burdick & Howson....... 13 


_ American Brass Co....... ....... 17 
American Public Health Assn 32 
American Water Softener Co..... 18 
Atlas Minera] Products Co........ 16 
13 
Buffalo Meter Co...............: 26 

Builders Iron Foundry........... 26 


fron Pipe Assn.... 35 
_ Central Foundry Co.. 10 


Chester Engineers, The........ 13 
Dawes Silica Mining Co.......... 11 


DeLaval Steam Turbine Co....... 21 
Dresser, 8. R., Mfg. Co....Cover 3 


Ford Meter Box Co............... ll 
Puller 13 
Fuller & McClintock............. 13 
General Chemical Co............ 33 
13 
Gibbons, Mortimer M............ 13 


Golden-Anderson Valve Specialty oe 


Graver Tank & Mfg. Co., Inc..... 11 


Greeley & Hansen.............. 14 
15 
Hill, Nicholas S., Jr.............. 14 


Hydraulic Development Corp.... 25 


Industrial Chemical Sales Co. 
Johns-Manville Cor 


Johnson, Edward 


ALPHABETICAL LIST OF ADVERTISERS 


38 


Kennedy Valve Mfg. Co.......... 

Knowles, Morris, Inc............ 

La Motte Chemical Products Co., 1% 
Oe. cover 4 
Lock Joint Pipe Co............... i 
Ludlow Valve Mfg. Co.........., 15 
Metcalf & Eddy................., 14 
National Meter Co............... 18 
National Water Main Cleaning Co. 20 
Neptune Meter Co............... 19 
Pease Laboratories, Inc........... 14 
Pennsylvania Salt Mfg. Co...cin 43 
42 
Pirnie, Malcolm.................. 14 
14 


Pittsburgh-Des Moines Steel Co... 10 
Pittsburgh Equitable Meter Co... 44 ( 


Pomona Pump Co................ 14 
Potter, Alexander................ 14 
Potte, lye... 14 
Rensselaer Valve Co.............. 23 
Scofield Engineering Co.......... 14 
Smith, A. P., Mfg. Co............ 37 
Sparling, 24 
Sterling Engine Co............... 24 
Tuberculosis Assns............... 


Union Water Meter Co........... 
U. 8. Electrical Motors, Inc...... 
U.8. Pipe & Foundry Co......... ii 
Wallace & Tiernan Co., Inc...... iii 


Warren Foundry & Pipe a 
Weston & Sampson. . 
Wood, R. D., 


¥ 
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a 
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Hersey Water Meters for 
Domestic use. Completely tin 
dipped inside and out, pre- 


venting corrosion and rust. 
Long life and low main- 
tenance cost is the result. 


RSEY MANUFACTURING COMPANY 


SOUTH BOSTON, MASS. 
n Offices: New York—Portiand, Ore.—Philadelphia—Atianta—Dallas 
Chicago—San Francisco—Los Angeles 
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UNIVERSAL PIPEI 


Cast Iron, of course, but... no lead, 
no pouring, no bell holes to dig. Machined 4 
: : iron-to-iron, flexible joints made with just 
Specification wrenches—that’s all! 


WW-P-23 THE CENTRAL FOUNDRY COMPANY 


Gen-ral Offices: 420 LEXINGTON AVENUE, NEW YORK 
CHICAGO, ILL., 1629 Wellington St. OAKLAND, CALIF., 278 Fourth $¢ 
Also in other Principal Cities—Coast to Coast 


Elevated Steel Tanks 
Steel Standpipes 
Steel Reservoirs 1 
Steel Pipe and Penstocks a 
Steel Filter Plants 
Steel Smokestacks _ 


Oil and Gas Tanks 
Write for catalog, 
est timate or designs, 
= or to request a call 
by one of our repre- 3 
sentatives. 
Pittsburgh-Des Moines 
Steel Company 
2 ae 3424 Neville Island, Pittsburgh, Pa. 
7 925 Tuttle St., Des Moines, lowa 
500, Elevated Tank 
—- 7” to Top = New York Chicago Dallas 
Hempstead, L.I., N.Y. San Francisco 


FOR WATER SOFTENING 


AND IRON REMOVAL 
Zeolite Chemical Company, 144 Cedar Street, New York 


1 
ay 
& 
= 
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Tried and proved methods and the latest findings of mod- 
cILTERS ern engineering skill make Graver equipment for water 
FOR MINERAL, conditioning preferred by municipalities and city planning 


TASTE, COLOR, boards. 
For real utility, ease of maintenance and long life, use 
tiME AND SODA Graver Tanks and supplemental equipment. fe UG 

SOFTENERS 
Send for literature giving engineering data. : 


ZEOLITE 
SOFTENERS 


_ GRAVER TANK & MFG. cO., INC. 


REMOVAL 
PLANTS ‘ 75 Years of Dependable Service 


New York, N.Y. East Chicago, Ind. Chicago, Iil.: Catasauqua, Pa. 


STERILIZERS 


WHITE YOUR DOLLAR’S WORTH 


FILTER SAND IN A A METER SETTING 


98% Pure Silica It is just as much 
: false economy to set 
a water meter in the 
cheapest way as it ° 


is to do the 
plumbing of a house 
in the cheapest 
way— A 
Washed, Screened and Dried. A Ford Folate Gane 
A water meter set 
No Freight on Moisture— in a Ford Yoke or in 
avo r A 
Prompt shipment in Bags or Coupling can be A 
easily 
paper lined Box Cars—Write replaced without 
is 
or wire us for information and service pipe— Straigh Straight Line Yokes for 
~ 0 shallow box or 
rices. settings in 
wes extra cost there 
DAWES SIL ICA MINING 
Silica Mines pel 
: nd Testing Equip- 
THOMASVILLE, GEORGIA u quip 


DN 
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Cone type Valves. 


WORLD $ BEST 


r 
TOMATIC 


Valves 


1330 Fulton Building 


and now..... 


the “World’s Best” Thru-Flow Cond Valve 


For more than 30 years Golden-Anderson has been known as the manuf 
the World’s Best automatic valves. Wlacturer of 


Now, Golden-Anderson offers you the supreme development in the Thru-Flow o 


In the new Golden-Anderson Thru-Flow Valyy 
the plug is unseated axially, rotated, and m 
seated axially, all in one free and frictionleg 
operating movement and drop tight in eithe 
open or closed position; this is accomplished } 
means of a simple and sturdy patented 
type rotor mechanism which is encased in a bath 
of oil in the operating head. 

The valve itself is just as simple and sturdy, the 
full flow plug being stronger than pipe of th 
same area. 

And each unit—plug, valve body, operati 
head, and automatic control—is separate 
distinct, designed so that any one unit may he 
removed from the line without disturbing othe 
units. 

The valve stem may be repacked under pressure, 
The operating head cylinder stem may be rm 
packed without draining the oil bath. 


There are no balance ports, grooves, or cams ip 
the valve. There are no cams, no line contacts, 
no stem screws in the operating head. 

The automatic control may be any one of the 
several patented mechanisms which have estab. 
lished Golden-Anderson as the manufacturer of 
the ‘‘World’s Best’’ Automatic Valves. 

If you want increased efficiency and unfailing 
automatic control, ask the Golden-Andersm 
Engineers for further details. 


GOLDEN-ANDERSON VALVE SPECIALTY CO, 


Pittsburgh, Pennsylvania 
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DIRECTORY OF EXPERTS 


W. ALvorD Louis R. Howson 
B. Burpick Donatp H. MAXwELL 


ALVORD, BURDICK & HOWSON 
ENGINEERS 
Water Works, Water Purification, Flood 


Drainage, Appraisals, Power ek 


Civic Opera Building Chicago 


Relief, Sewerage, Sewage Disposal, 


Generation hy 


Well Strainers and 
Deep-Well Turbine Pumps 


A reciprocal relation, the life and 
functioning of the one depending 
much on the other. 


A. D. COOK, INC. 


Lawrenceburg 


Indiana 


B. Brack N. T. Jr. 
P. Learnep E. H. J. F. Brown 
C. L. Dopp F. M. Veatcu 


BLACK & VEATCH 


Consulting Engineers 


Sewerage, Sewage Disposal, Water Supply, Water 
Purification, Electric Lighting, Power Plants, 
Valuations, Special Investigations and Reports. 


Kansas City, Mo., 4706 Broadway 


E. 
A. 


Fuller & Everett 


(formerly Hazen & Everett) 


Civil Engineers 


Weston E. Fuller 


WATER WORKS 
Design, Construction, Operation, Valuations, 
Rates 


22 E. 40th Street - New York City 


C. M. Everett 


Burns & McDonnell 
Engineering Company 
CONSULTING ENGINEERS 


R. E. McDonnett, C. F. Lampert, C. A. Sura, 
C.S. Tusanus, R. L. Batpwin, R.H. 


Water Su and Purification, Sewerage, Treat- 
ment and ], Power Generation and Distri- 
bution, Rate Investigations and Appr. 
KANSAS CITY, MO. 107 West Linwood Blvd. 
CINCINNATI, OHIO. 307 East Fourth Street. 
ALBANY, NEW YORK. 11 No. Pear! Street. 


FULLER & McCLINTOCK 


Engineers 


F. G. CunnINGHAM 


E.mer G. MANAHAN 


Sewage Treatment, 


fication, 


11 Park Place, New York. 


Ernest W. Warriocx 
H. K. Gatiey 


Waterworks, Puri- 
aste Disposal, 


JAMES M. CAIRD 


Cannon Blidg., Broadway and Second Street 
Troy, N. Y. Assoc, Am. Soc. C. E. 


Chemist and Bacteriologist 
Water Analyses 


SPECIALTIES—Tests of Filter Plants Exami- 
nations and Reports upon Proposed Sources of 
Water Supply; the Copper Sulphate Treatment 
for Algae; Expert Testimony. 


SAVE 80% ON YOUR TRENCHING COSTS WITH A 


GIANT PIPE PUSHER 


10 DIFFERENT SIZES 
TO FILL EVERY NEED 


WRITE FOR CATALOG 
Dept. P-3 
GIANT MFG. CO. 


Council Bluffs, lowa 


CHESTER, CAMPBELL, DAVIS 
& BANKSON 
THE CHESTER ENGINEERS 


Water Supply and Purification, Sewerage and 
Sewage Treatment, Power Development and Ap- 
plications, 


Investigations, Appraisals, Rates, Testimony, 
esign, Supervision, Operation, Accounting. 


130 Seventh Street PITTSBURGH, PA. 


Mortimer M. Gibbons 
Sanitary Chemist 


Chemical and Bacteriological Atalyses of Water, 

Sewage and Industrial \ : 

Analytical Service for Consulting Engineers. 

Supervision of Worm and Sewage Treatment 
ants. 


961 Frelinghuysen Avenue 
Newark, New Jersey. 


V astes. 
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GREELEY & HANSEN 
HYDRAULIC AND SANITARY ENGINEERS 
Water Supply, Puri- 
fication, werage, Sewage 
Treatment, Refuse Disposal 
Investi ations, Reports. De- 
signs, onstruction Supervi- 
sion, Appraisals and Consul- 

tation. 
6 North Michigan Ave., Chicago, Illinois 


Water Supply, Treatment, Sewerage, 
Reports, Plans, Estimates, 
Supervision and Operation 
Valuation and Rates. 


25 W. 43d St., New York, N. Y. 


NICHOLAS S. HILL, Jr. 
CONSULTING ENGINEER 
WATER SUPPLY—SEWAGE DISPOSAL— 
HYDRAULIC DEVELOPMENTS 


Reports, Investigations, Valuations, Rates, 
Design, Construction, Operation, Management 


Chemical and Biological Laboratories 


THE PITOMETER COMPS 


Engineers 
Water Waste Surveys 
Trunk Main Surveys 
Water Distribution Studies 
Penstock Gaugings 


2304 Long Avenue, 
St. Paul, Minn. 


112 E. 19th St. New York City 50 Church St. New York City 
To meet your problems in sand : ? 
and gravel wells. | 
EDWARD E. JOHNSON, INC. Deca POMONA PUMP Cc 


MORRIS KNOWLES, INC. 


Engineers 


Water Supply and Purification, Sewer- 
age and Sewage Disposal, Valuations, 
Laboratory, City Planning. 


PITTSBURGH, PA. 


ALEXANDER POTTER 


CONSULTING ENGINEER 


Specialties: Water Supply and Sewerage 
50 Church St. New York City 


Telephone 5501 Cortlandt 


METCALF & EDDY 
ENGINEERS 


Harrison P. Eddy P. Wentworth 
Charles W. Sherman arrison P. Eddy, Jr 
Almon L. Fales Arthur L. Shaw 
Frank A. Marston E. Sherman Chase 
Water, Sewage, Drainage, Refuse and 
Industrial Wastes roblems 
Laboratory, Valuations 


Statler Bldg. Boston 


CLYDE POTTS 
M. Am. Soc. C. E. 
CONSULTING SANITARY ENGINEER 
30 Church Street - - New York 


Sewerage and Sewage Disposal 
Water Works and Water Supply 
Reports, Plans and Estimates 


Pease Laboratories, Inc. 
39 West 38th Street, New York 


Analysis of the water supplies 
for municipalities, industrial 
plants, private estates and 
camps. Swiming pool control. 


Chemists Field Sanitary Surveys 
Bacteriologists Consultants 


Scofield Engineering Co. 
CONSULTING ENGINEERS 
Water, Gas, Electric Plants 
and Distribution Systems 
em, Valuations and Reports 

esign— Supervision—Operation 


PHILADELPHIA, PENNA. 


: 
Malcolm P 
alcolm Pirnie 
a 
a 
LOS ANGELES CHICAGO 
+ 
i 
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TA 
| 


mm JOURNAL OF THE AMERICAN WATER WORKS ASSOCIATION 15 
Weston & Sampson 
Robert Spurr Weston G. A, Sampson 
Consulting Engineers for ly, Water 
Purification, Sewerage, Dis ewage, and Th 1s 
Municipal and Factory saree, 6 ration of 
Purification Plants and Sanitary Analysis. motor operated 
14 Beacon St. Boston, Mass. 
valve 
‘AN Y The efficiency of Ludlow 


Help Build up motor-operated valves has 


been proved by test and 


Your Association demonstration for over 10 


years. Availablein numer- 


by Bringing in a ous types and sizes with 


single or multi-station re- 
New Member mote control. They save 
SEND FOR time, afford protection, as- 


sure positive performance. 


APPLICATION BLANKS 


One of many Ludlow spe- 
cialties which embody high- 


AMERICAN WATER est engineering design and 


WORKS ASSOCIATION construction. 
29 W. 39th St. The LUDLOW VALVE MFG. CO. 


NEW YORK CITY TROY, NEW YORK 


DIAPHRAGM PUMPS 


City 
GLASS STANDARDS 
— are always ACCURATE Hand Operated—size 2”, 2}”, 3”, 4” 
Power Operated—size 3” and 4” 
Noted authorities and all leading firms 
of the water supply field are using Open 
ER the Hellige non-fading, and therefore Skid, Truck or Trailer Mounted 
permanently reliable, glass standards 
Complete Pump Outfits, Genuine 
offer unequalled ad- Edson Pumps, Suction Hose, 
vantages. One appa- Brass Couplings, Bronze Clamps, 
ratus for Chlorine, pH Red Seal Diaphragms, 
Control, and many Brass Strainer or Foot Valve, 


other popular 


Hose Spanners, Adapters, Etc. 
Standard Hydrant Protector, 
Brass Hydrant Pump. 


Write today for detailed information 
THE EDSON CORPORATION 
H E L L | G e Main Office and Works: 49 D St., 
South Boston, Mass. 


INCORPORATED 1., Brookl 
3702 NORTHERN BLVD., LONG ISLAND CITY, Now 
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Warren Pipe Co. of Mass., Inc. 


SALES OFFICES 
1l BROADWAY, NEW YORK 
75 FEDERAL ST., BOSTON, MASS. 


Manufacturers of 


CAST IRON 


Sizes 2” to 84’ 


langed Pipe Flexible Joint Pipe 
Bell and Spigot Pipe 
Special Castings Short Body B. & S. Specials 


Warren W) Spun Centrifugally Cast Iron Pipe 


WORKS: PHILLIPSBURG, N. J. and EVERETT, MASS, 
Large Stock Enables Us to Make Prompt Shipments 


TIME IS SAVED ...... HAZARDS CUT 
by this Better JOINTING COMPOUND 


@ When you joint your Bell and Spigot Pipe with Tegul-MINERALEAD, the trench can be back-filled 
almost at once, for initial leakage will be cut as much as %% 
@ Time will be saved—traffic hazards minimized @ Rain or 
flood won't hurt this ingot-form compound, nor will the con- 
oe tractor need to worry about change of composition en route to 

the job @ And your joints will hold fast under even the 
toughest conditions @ For 
more information, write 
The ATLAS MINERAL 


Penna., Mertztown, Pa, 


Help Build up Your Association by 
Bringing in a New Member 


SEND FOR APPLICATION BLANKS 
Be 


i ae American Water Works Association 
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Use time-tested copper, which can- 
not rust. Use Anaconda Deoxidized 
Copper Tubes which offer seven 
worth-while advantages for this 
type of service, as follows: 


1. Easy to install ...Soft Anaconda 
Deoxidized Copper Tubes may be bent 
cold, by hand, around obstructions and 
corners. 


2. No threading... Sound threadless 
joints may be made quickly and simply 
with fittings of the “flared tube” type. 


3. Long lengths ... Anaconda Tubes 
come hard and soft in 20’ straight lengths 
and soft in 30’, 45’ and 60’ coils, often 
permitting a continuous run between 
main service connection. 


THE AMERICAN 
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Digging costs money and good-will! 


4. Durable ..A special deoxidizing _ 
process increases strength and resistance 
to corrosion. The flexibility of Anaconda 
Tubes helps absorb the stress of settling _ 
soil and traffic vibration. : 


5. Ductility of soft Anaconda Deoxi- mer 
dized Copper Tubes reduces freezing — 
hazard to a minimum. 


6. Available ...Tubes and fittings i 
are carried in stock by leading supply 
houses everywhere. 


7. Identifiable ...by the Anaconda 
trademark—your assurance of quality 
—stamped in Anaconda Copper Tubes" 
at close intervals throughout each 
length or coil. 


BRASS COMPANY A 
General Offices: Waterbury, Connecticut trom 


Offices and Agencies in Principal Cities 


4 
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BOSTON CHICAGO 


Convert Waste into Revenue! 


Only a truly accurate meter will translate the 
smallest flow of water into a meter reading— 
convert waste into revenue. 


Accuracy is assured in the Empire Water 
Meter, first, through the use of the oscillat- 
ing piston principle of measurement, and, 
second, through those refinements in design 
and construction that have made this meter 
outstanding since 1884. 


And Empire accuracy is lasting! Actual 
records show that after twenty-two years of 
service, after metering 574,077,000 U. §. 
gallons, a 6-inch Empire Water Meter still 
registers on streams from 2 inches down to 
1/8 inch diameter with an average accuracy 
of 98.54 per cent! 


Such performance justifies investigation. 
Some of the “reasons why”’ are contained in 
our Catalog 301. Write for it. 


NATIONAL METER COMPANY 
4203 FIRST AVENUE - 


DALLAS 


BROOKLYN, N.Y. 


LOS ANGELES SAN FRANCISCO 


VER 500 municipalities 


use American or New York 
Continental Jewell Water puri- 


fication equipment. 


WATER FILTERS 
WATER SOFTENERS 


Proportionate Electro-Mag- 
netic Chemical feeders for feed- 
ing lime, acid, alum, ree i 


AMERICAN WATER 
SOFTENER COMPANY 


Lehigh Avenue and 4th St. 
Philadelphia, Pa. 


etc. 


LAMOTTE SERVICE 
in control of pH and 


Chemical Treatment 


Residual Chlorine 
Boiler Feed Water Tests 


Simplified Tests for 
Operators Use 


The LaMotte Research Department 
will supply, without any obligation, 
| complimentary report and ful] details 

relative to the use of LaMotte 
Equipment on Specific Jobs. Send 
for your copy today giving nature 
of tests in which you are interested. 


LaMotteE Chemical Products Co. 
Originators of Practical Application of pH Control 
428 Light St. Baltimore, Md. 
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OVER 
6 MILLION 


= gag The growth of the dominance of 
“por Trident and Lambert Meters in 


the Water Works field during the 
last forty years proves the truth of 
the old adage of acorn-into-oak 


tree. To grow your oak you must 


FROST have an acorn... to dominate the 
pce Water Works field you must have 


Quality Water Meters. Neptune 
Meter Company, 50 W. 50th St., 
(Rockefeller Center) New York, 
N. Y.... Neptune Meters, Ltd., 
Toronto, Canada. 
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In never-ending 
procession— 


UNION 
WATER METERS 


Made by specialists to 
meet the varied service 
conditions everywhere. 


For accuracy and relia- 
bility, specify 


UNION WATER METER COMPANY 
Established 1860” 


One does not have to be an expert mathematician 
to figure out that a clogged water main calls for a 
stronger pressure and that in turn calls for more 
coal—and literally burning up money. We can 
show you how to get dollar for dollar value out of 
every ton of coal. We can show you how to clean - 
the water mains quickly and cheaply. Send us 
your address—that’s all we ask of you. © a 


National Water Main Cleaning Co. 


3 CHURCH AND DEY STREETS 
NEW YORK CITY 


OF THE AMERICAN WATER WORKS ASSOCIATION 
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_ | CLEAN YOUR WATER MAINS 
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DE LAVAL centrifugal compressor is a reliable 
and economical means for supplying compressed air in the — ae 

volumes and at the pressures required in sewage disposal plants. _ 

There are no valves or rubbing surfaces, except the bearings, and 
no unbalanced parts to cause vibration or to require heavy foun- _ 
dations. By using De Laval helical speeding-up gears, a simple, — 
high speed compressor can be driven from an internal combustion — 
engine or a standard speed electric motor. The two-stage com- — 
pressor here shown, designed to deliver 13,500 cu. ft. per min. | 
to an activated sludge plant against 6 Ib. pressure, runs at er: ie 2, Ss 
r.p.m., while the standard speed motor turns at 1200 r.p.m. | 

‘State your requirements and ask for Catalog F. 


DE LAVAL STEAM TURBINE COMPANY 


* of Steam Turbines, Centrifugal Pumps, Propeller Pumps. Rotary a Pumps, 
Centrifugal Blowers and Compressors, Worm Gears, Helical Gears, Hydraulic Turbines, Flexible Coup- 
lings. e Licensee of the Bauer-Wach Exhaust Turbine System. 4086 
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ENLIGHTENED 
ENGINEERING PROGRESS 
AND 
ALCO ELECTRIC WELDED 
STEEL PIPE 


To the already impressive li 
of leading American munic 
palities using Alco Elect 
Welded Steel Pipe are adde 
the names of Washingtor 
D. C., Buffalo, N. Y., Cine 
nati, Ohio, and New Brun 
wick, N. J. 

The high carrying capacit 
long life, high tensile strengt 
fewer field joints, superlati 
coatings, low initial and ul 
mate costs of Alco Pipe—con 
bine to persuade these citie 
that engineering progress an 
economy go hand in hane 


Alco Electric Welded Steel Pipe is 
made in diameters ranging from 20” 
to 96” for either water supply or 
sewage disposal. Send for our illus- 
trated bulletin, or have our engineers 
call to discuss your requirements. 


ALCO PRODUCTS, INCORPORATED 


~” Church Street New York, N. Y. 


CHICAGO WASHINGTON. HOUSTON TULSA 


Plants at Dunkirk, N.Y.,and Montreal, Canada Cable Address: Alproducts 
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Rensselaer 


GATE VALVES 


have these superior advantages: 


Straightway passage the full diameter of 
connecting pipe 

Parallel faces or gates having a tendency 
to scrape off any foreign substance when 


operated 
Wedges independent of stem and stem nut, 
allowing stem to work easy and without 


binding. 
They are made suitable for use on Water, 
Gas, Steam Oil, etc., and are manufac- 
tured in all commercial sizes. We can 
furnish them with any style end connection; 
any style of gearing; any size Hydraulic 
Cylinder; and for Motor operation, to suit 
specifications. Hub Ends, 


Corey 


phe these superior advantages: 


Bronze working parts. 

Non-freezing. 

Positive drip valve. ara 

Rubber valves ‘‘Goodrich Quality.” 

Interchangeable working parts. 

All working parts removable through top, avoiding 
necessity of digging up entire Hydrant when 
repairs are made (which is seldom). 

No water-hammer can be caused if closed too 
quick. 

Valve remains tightly closed should standpipe 
be broken off above ground (by accident). No 
flooding of ground around Hydrant. 


We have manufactured Coreys since 1896, and 
_ we believe they are the best Fire Hydrants on the 
market. Unless otherwise ordered, they are 
made suitable for a working pressure of 150 
pounds per square inch, and each Hydrant is 
tested to 300 pounds per square inch. We can 


Hose them for greater workin ressures: if re- 


ASK FOR CATALOGUE “G” 
RENSSELAER VALVE COMPANY 
TROY, N. Y. 
BRANCH OFFICES 
NEW YORK, Hudson Terminal Bldg. Bldg. 


CHICAGO, Monadnock lock SEATTLE, Arctic Bi 
SAN FRANCISCO, Sharon Bidg. LOS ANGELES, an Terminal uate 


PITTSBURGH, Oliver Bldg. NEW ENGLAND, C. L. Brown, Northboro, Mass. 
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RELIABLE EMERGENCY POWER 


costs so little initially and so little to maintain} 


STERLING HIGH DUTY 


INTERNAL 
COMBUSTION ENGINES 


Spread the cost of a Ster- 
ling engine over the 20 
to 30 years it is intended 
to serve! For an infini- 


tesimally small amount 
the assurance that only a 
Sterling is built to pro- The Mount Hope Finishing Co., North Dighton, Mass., is prepared for power in 
G.P.M. Worthington fire pump at 1330 R.P.M. 
Sterling engines—for peak load and standby a 
STERLING ENGINE COMPANY a 
Home Office and Plant Branch Office 
Buffalo, N. Y. New York, N. Y, 
A velocity type meter, registering AD VERTISIN ( 
directly in gallons, cubic feet or 


annually, you can obtain 
emergency with a Sterling Dolphin C 6-cylinder 225 HP. engine driving a 1500 
GAS—GASOLINE—OIL ENGINES 
1270 Niagara Street Dept. C-3 900 Chrysler Bl 
MAIN- RI METERS 
any other volumetric unit desired. 


long-wearing, corrosion-free ma- in this 
terials. All parts interchangeable. 


Sizes from two to sixty inch -- 


or larger. 
Easily installed. No frost pro- JOURNAL 


tection necessary. 


With auxiliary Indicator-Re- 
corder, they provide permanent 


records of hourly, daily and weekly means more 4 
water production and distribution. ; 


Write for Bulletin 303. 


* SPARLING BUSINESS 


945 North Main St., Los Angeles 
NEW YORK CHICAGO 

CINCINNATI 


a 
- 
‘a : 
2 


pports 84 feet a pressure still 
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100 lbs. 


ee joints have a bearing on many 
of the problems which water. company 

and water department officials are continu- 
ally faced with. Unaccounted for water— 
excessive pumping charges—digging up costly pave- 
ments—even renewing pipe lines on account of lowered 
carrying capacity. Many of these worries can be avoided 
by making all new joints with Hydro-Tite. 

Should a pipe line jointed with Hydro-Tite settle, as 
shown in the above picture, the joints will remain tight. 
Lines jointed with Hydro-Tite remain tight year after 
year and systems completely installed with Hydro-Tite © 
joints are the tightest on record. 

Hydro-Tite joints never blow out—have a record of — 
over 20 years—require no caulking and save from 50% _ 
to 75% as compared with lead Write for information — 
on sad phase of joint making. 


HYDRAULIC DEVELOPMENT CORPORATION 


] Main Sales Office: 50 Church Street, New York, N. Y. 
ss General Offices and Works: West Medford Station, Boston, Mass. 
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e Bulletin No. 286 
being printed 


BUILDERS 
IRON FOUNDRY 


Providence, R, 


First Meters Exclusively 
AMERICAN 


CASE) 


NIAGARA 


(IRON CASE) 


WATER METERS 
Unrivalled flecuracy 
wits FOR CATALOG 


BUFFALO METER CO. 


ESTABLISHED 1892 2914 Main Street Buffalo, N. Y. 
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Constant C-140 is respon- 
sible for Permanent Savings 
on this Non-Tuberculating Pipe . . 


SN’T THIS TRUE? Since water 
pipe is laid solely for the purpose of 
carrying water, in the last analysis your 
investment is not in pipe but in water 
transportation facilities. 

Why, then, in figuring the cost of a 
new main, should the yardstick be cost 
per foot of pipe? Isn’t it much more 
logical to evaluate a water main pri- 
marily on its effectiveness as a water 
carrier? 

And not solely on its effectiveness 
when new . . . all too often water mains 
are at the mercy of tuberculation, which 
constantly decreases the delivery capac- 
ity of ordinary pipe. 

Hence, can you afford to pass up the 
savings in pumping costs offered by 
Transite Pipe, as already proved by 
hundreds of installations? 

C-140 is the conservative minimum 
coefficient of Transite . . . not merely 


Johns-Manville 


TRANSITE 
PRESSURE PIPE 


An Asbestos Product 


Street, City. 


Here's the INSIDE STORY 


on Low Pumping 


1500' OF TRANSITE PIPE from a city | 
main into an industrial plant were tested 
by The Pitometer Co., N. Y. C. Conclusion 

—‘*From a study of the data, we believe — 


that an average coefficient of C-145isvery ee 


nearly correct for this pipe.”’ 


when first laid . . . not merely after five 
years or ten . . . but indefinitely. 

Made of asbestos and cement... and 
hence non-metallic. ..Transite Pipe can- 
not tuberculate. From the day it comes 
off the polished steel mandrel that forms 
its smooth interior wall, this pipe’s all- 
important value of C stays unchanged. 
And thus pumping costs remain perma- 
nently low. 

Send for a copy of our brochure, con- 
taining the complete story of Transite’s 
important installation and maintenance 
savings as well as low pumping costs. 
Write to Johns-Manville, 22 East 40th 
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COMPARE 


THIS FIRE HYDRANT 


We challenge comparison to this new Mueller- 
Columbian Fire Hydrant because we know that 
even a casual inspection will show that there is 
no comparison to this hydrant that is engi- 
neered for the future as well as the present. 


Our case could be clinched on the SELF- 
OILING TOP alone—the only hydrant that 
needs no attention—that OILS ITSELF—that 
cannot bind—that operates easily in any kind 
of weather. But we know that you are also 
interested in the SAFETY-FLANGE feature 
of this hydrant—the feature that allows the 
hydrant to be repaired at a cost of about $5.00 
and without any water shut-off if this hydrant 
should happen to be damaged by a traffic 
accident. And then there is the “business 
end” of the hydrant to be considered. Here 
in the Mueller-Columbian you will find the 
large main valve of compression type that 
prevents any flooding of streets. Bronze to 
bronze contact—no corrosion—no sticking 
no leakage—long life chrome tanned leather— 
large double bronze bushed drain valves that 
are positively operated, insuring a dry barrel 
and eliminating any chance of freezing. 


These are just a few points to compare. You 
can get the entire story from any Mueller man. 
Ask him for full details or write the nearest 
Mueller Co. office. 

MUELLER CO. Decatur, 


Decatur, Iil.; Chattanooga, Los Angeles, Calif.; Ont. 
‘ Branches: New York and "San Francisco 
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NEW YEAR 
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LAYING the FOUNDATION 


for 


For the past seven years we 
have endeavored to bring before 
the Members of the water works 
fraternity the message of AQUA 
NUCHAR and through its applica- 
tion the furnishing of a water that 
is palatable. In that period close 
to one thousand plants have used 
this product—some daily, others 
only intermittently, and then 
when faced with the severest taste 
and odor conditions. We feel 
convinced there is a dose of AQUA 
NUCHAR that will eliminate 
these tastes even under the worst 
conditions but in so doing, on the 
surface, the cost seems exceedingly 
high and has frequently been the 
means of not considering its appli- 
cation. 

Our recommendation for the New 
Year is that consideration be given 
to the daily application of AQUA 
NUCHAR in small dosages, so that the 
Plant will be properly seeded and a grad- 
ual improvement in the water so that 
when severe tastes and odors are encoun- 
tered in the raw water supply all that 
is necessary is to step up the dose to 
a point sufficiently large to eliminate 
these tastes. Actual experience has 

this is e mical and from a 
survey made 
of a number 

plants— 

using 
e per cap- 
ta con- 
imption of 
100 gallons 


230 Park Avenue 


E. A. Sigworth New York, N. Y. 


Technical Sales Staff 


| 


daily, it is estimated that the per capita 
cost of furnishing palatable drinking 
water using AQUA NUCHAR is slightly 
over 3¢ per year. 

During the past seven years, since 

AQUA NUCHAR has been introduced, 
we realize fully that it was during a 
period when many of the Municipalities 
have been pressed for funds and all eco- 
nomical measures adopted to keep within 
the budget requirements. This period 
is gradually passing and more funds are 
available. We feel now is the time for 
the furnishing of a palatable water, since 
— are already furnishing one that is 
sate. 
You have noted from the daily press the 
rising prices in practically all commodities 
and we know that you will be pleased to 
learn that AQUA NUCHAR will be avail- 
able for the calendar year 1937 at prices no 
higher than have prevailed in the past. 


INDUSTRIAL CHEMICAL SALES” 
Division West Virginia Pulp and Paper Company 


418 Schofield Bidg. 
Cleveland, Ohio 


205 West Wacker Drive 
Chicago, Ill. 
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Help Build up Y ‘air 
ciation by Bringing 1 in a 
Member 


ade 


ASSOCIATION 


29 WEST 39TH STREET 
NEW YORK CITY — 
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ull main pressure 


at the hydrant nozzles 


VERY part of a Kennedy SAFETOP Fire Hydrant is 
designed to insure minimum pressure loss from 
z water main tonozzleinlet. For example: 


Area of standpipes is 200% to 300% of inlet valve nes 
areas. 


Inlet valve ports have larger diameter than each 
nominal hydrant size. 


Inlet elbows and nozzles are proportioned with easy 4 E:. 
curves. 


There are no sharp corners or pockets where 


Interior of standpipe, inlet elbows and nozzles are i. ae 
carefully examined during assembly to make 


sure that all water passages are perfectly smooth. 


Moreover, the Safety Breakable Section which protects 
the major and expensive parts of the hydrant from damage 
in case of a smashing collision does not interfere in any 
way with the normal functioning of the hydrant. Both the 
standpipe and stem are fully as strong and rigid as any 
one-piece hydrant, and the simple straight-line operating 
mechanism works freely and positively at all times. 

Fire chiefs are as enthusiastic about the easy operation 
and dependable service of the SAFETOP Fire Hydrant 
as are water department superintendents concerning its 
unique safety and economy features. Kennedy SAFE- 
TOPS are a double protection to the community—in fire 


service and in collision emergencies. 


; ‘ 
Write for Bulletins 


‘SAFETOP FIRE HYDRANT 
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‘STANDARD METHODS 4 
FOR THE EXAMINATION 
SEWAGE 


>ublic health 


ers and water works operators 
have bought 2100 copies of the Eighth Edition of om: 
That many people can’t be wrong! 
Perhaps the book is in demand because the fact is 
generally known that it has been completely re- 
written and revised. Perhaps the knowledge that 
certain important undertakings in progress for some 
time were finally culminated and the results incor- 
porated in the joint report has something to do with 
its popularity. Certainly it is the only publication 
of its kind and a definitely required item in the library 
of every person concerned with operation of water 
works and control of water supplies. 


Standard Methods continues to be and 
as still available at $2.50 per copy. 


THE AMERICAN PUBLIC HEALTH ASSOCIATION 


50 West 50th Street me New York, N. Y. 
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LUMINUM SULPHAT 


~ FILTER ALUM ~ 


"THE General Chemical Company is 
organized for service—and delivers 
it. A nation-wide chain of plants 


and stations provides strategically 
located stocks from which your re- 
quirements can be shipped on short 
notice and with a minimum burden 
of transportation cost. Address your 
inquiry to the nearest office. 


GENERAL CHEMICAL 
COMPANY 


40 Rector Street, New York 
(Cable address: Lycurgus, N. Y.) 


Sales Offices: Buffalo, Chicago, Cleveland, 
Denver, Los Angeles, Philadelphia, Pitts- 
burgh, Providence, San Francisco, St. 
Louis, Atlanta, Baltimore, Boston, 
Charlotte, Kansas City, *Minne- 
apolis 


In Canada: The Nichols 
Chemical Company, 
Limited, Mon- 


a, 
for Water Purification 
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This cut is a facsimile, enlarged, of 4 
the official badge or emblem of the — 


association. It is of gold and blue : ; 
: enamel made with a pin, but can be 
made into a button or watch charm. __ 
: The price in solid gold is $5.00 and 


they can be procured by addressing 


AMERICAN WATER WORKS ASSOCIATION 


29 West 39th Street, New York, N. Y. 


These badges are not to be confused with the usual convention badge, 
but are for everyday use 
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Water night and day 
106 years ! 


Water is free if you go and get it. But 
if you want it at the turn of a faucet 
you must pay for the service. Less than 
the price of a soda for a hundred gal- 
lons—a very small cost for an efficient 
and indispensable public service. One 
of the reasons why water is cheap is 
the long life and negligible mainten- 
ance cost of cast iron water distribu- 
tion mains. More than 95% of the 
pipe which distributes water to the 24 
million residents of our 15 largest 
cities is cast iron pipe. 


CAST IRON PIPE 


Methods of evaluating bids now in use by engineers 


Unretouched photograph of a section of 106-year- 
old cast iron water main still rendering satisfactory 
service in Philadelphia’s dist.ibution system. 


Cast iron is the standard material for 


than a century because of its effective 


resistance to rust. It isthe one ferrous | 


metal pipe for water and gas mains, 
and for sewer construction, that 
will not disintegrate from rust. Avail- 
able in diameters from 1% to 84 


inches. For further information, ad-— 


dress The Cast Iron Pipe Research 


Association, Thos. F. Wolfe, Research | 
Engineer, 1013 Peoples Gas Building, © 


Chicago, Illinois. 


rate the useful life of cast iron pipe at 100 years 


: 


water mains. Its useful life is more 


. 
Washington DC. 988 
& Minneapolis 958 
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tain numbers of the Journal. Any 
members who do not desire to preserve 
their copies of the following issues and 
are willing to return same, will be acting 


to o the benefit of the Association. 


January and March, Bias 1920 
January and March, 1922 
January, March, May, July, and 
September, 1924 
All issues for 1926 


January, February, March and April, 1929 
January, March, and 
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A Branch Connection 
While the Water Flows 


UICKLY, easily, safely, a 30" branch con- 
QO nection can be cut into a 30" or larger 
main by the use of a Smith Tapping" Machine 


while the water in the main flows merrily 
along under its usual full head of pressure. 


Shut-downs are avoided. They are unnecessary. 
Expense is saved. Danger is avoided. Health 
is protected. 

This machine is power-operated. It uses an air- 
motor which supplies a smooth, steady flow of 
power which enables it to cut through the hard- 


est main in less than an hour. 


Other sizes of Smith Tapping Machines will 
make branch connections from 2" to 42" into 
any size mains not smaller in diameter than the 
connection desired. 


Smith Tapping Machines are standard equip- 
ment today in the water and gas fields. 


Send for full details 


TAPPING MACHINES 
4 


The A. P. Smith Manufacturing Company 
East Orange, New Jersey 


Emith Tapping Machines—Tapping Sleeves and Valves—O' Brien Hydrante— 

Vaive-Incerting Machines—Removable Plugs, Pipe Cutting Machines—Corpora- 

tien Tapping Machines—Gas Tee-Inserting Machines—Corporation Cocks— 
Federal Water Meters. 
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ITH CHRISTMAS COMES THE 

TIME WHEN THOUGHTS TURN FROM 

_ THE ROUTINE OF DAILY BUSINESS 

LIFE. MAY WE ALL THEREFORE 

JOIN IN WISHING YOU HAPPINESS— 

PROSPERITY AND GOOD HEALTH 

DURING THE HOLIDAY SEASON AND 
NEW YEAR 


KeGivated Alum Lorp. 
— OFFICE — — WORKS — 


80 BROAD ST. CURTIS BAY 
NEW YORK,N.Y BALTIMORE, MD. 
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Literature describing U. 8. Mo- 


of the pumps illustrated herein 
may be obtained direct from 
the manufacturers. 


LEADERS in 

TURBINE PUMPS 
choose the | 
LEADING MOTOR | 


and for Turbine 


Pump operation 


VERTICAL 


UNICLOSED MOTOR 


| U. S. Electrical Motors, Inc. 


Atlantic plant: 80 34th Street, Brooklyn 
Pacific plant: 200 E. Slauson Ave., Los Angeles 


Chicago: K 1500 S. Western A ve: 


Jounston pumes 


7 


Pacific 


tors used in connection withany _ 


39 


— Ay 4 i 
sae 7 
if \ 
Shae 
j 
4 
Srerlt 
| 
B 
aA 
UNIC 
TOR La 


q 


40 JOURNAL OF THE AMERICAN WATER WORKS ASSOCIATION 


Valuable and Instructive Publications Prepared 


and Distributed 
By THE AMERICAN WATER WORKS ACCT 
aes ae 29 West 39th Street, New York, N. Y. 
Manual of Water Works Practice s a 


This book is the codrdinated effort of 300 specialists and presents 
their accurate summaries of modern water works practice. It dis- 
cusses collection, distribution, treatment and consumption of water 
supplies, contains accepted specifications, and treats of water supply 
problems in relation to the health, safety and welfare of the public. 

Cloth, gold stamped, 814 pages, illustrated, price $5.00, postpaid. 
(First Edition, September, 1925—Reprinted "September, 1926, and 
May, 1929.) 


Index to the Proceedings, Journal and Other Publica- 
tions of The American Water Works Association 
from the Founding of the Organization. oe 
1881-1933 


This book opens the door to an immense store of knowledge covering 
studies, problems and experiences of hundreds of water works superin- 
tendents, engineers, scientific specialists, etc., during the past fifty- 
three years. 

It is well bound in buckram, with stiff covers, and contains 233 
pages. The price is $1.50 per copy to members and $2.50 per copy to 


non-members, postpaid. 4 


Census of Municipal Water Purification Plants 
in the United States, 1930-1931 


A paper-covered book of 146 pages at fifty cents per copy, postpaid. 


The Association’s Official Badge 


This cut is a facsimile, greatly enlarged, of the official badge or emblem 
of the Association. It is of gold and blue enamel and can be made into 
a pin, button or watch charm. 

These badges are not to be confused with the usual convention 
badge, but are for everyday use. 
The price in solid gold is $5.00, postpaid. 
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THE CHILD'S HEALTH TODAY IS THE | 
3 
NATION'S HEALTH TOMORRO 
The National, State and Local Tuberculosis Associations of the United States 
| 


@ If there is any project a public 
official can sponsor to win unanimous 
support in a hard water community, it is 
a municipal water softening plant. 

Soft water makes every housewife’s 
work easier—saves soap—makes scrub- 
bing, cleaning, laundering and dish- 
washing more effective and less labo- 
rious—reduces wear and tear suffered 
by garments and linens in washing. 
Velvety soft water is delightful for 
bathing—safeguards skin and com- 
plexion from hard water hazards—is a 
wonderful improvement over hard water 
for shaving and shampooing—makes 
foamy, fluffy suds with less soap—leaves 
no “ring” around bath-tub or basin— 
and prevents costly stoppage of plumb- 
ing by accumulations of scale and lime- 
soap curd which hard water causes. 
Soft water is better for cooking, better 
for cleaning, better for the health and 
comfort of every member of the family. 

A Permutit Zeolite Municipal Water 
Plant gives every home—every 


A Public 
Without a 


“HEADACHE” 


-Permutit_ 
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Service 


citizen in your town—these prized and 
priceless advantages enjoyed by other 
communities. Such a plant is moderate 
in cost and inexpensive to operate and 


maintain. Operates on the zeolite ‘‘base 
exchange’ principle—proven depend- 
able and economical in many in- 
stallations. 

Permutit engineers will plan and 
install the equipment, organize, train 


and supervise an operating force and 
furnish all needful service. The Per- 
mutit organization—largest in the world 
specializing in water conditioning, is 
prepared to handle all problems of water 
softening, purification and removal of 
odor, taste and all other undesired ele- 
ments from your water supply. It is 
amply financed and fully responsible. 
Your inquiry is cordially invited and will 
be promptly and competently handled 
without obligation. Write THE PER- 
MUTIT COMPANY, Dept. 62, 330 West 
42nd St., New York City. 
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HIGH PURITY 


In preparation of Liquid Chlorine for 
use in water purification and sewage 
treatment, meticulous care is taken to 
provide only gas of the highest purity. 
Liquid Chlorine produced by the Pennsyl- 
vania Salt Manufacturing Company is 
exceedingly pure —this factor is given 
closest attention during manufacture — 
and its uniform high quality is based 
upon eighty-six years’ experience in 
the production of chemicals for industry. 


Among the dependable and uni- 
form quality products produced by 
this company are: 


Quick deliveries to all sections of the 
country are assured by the convenient 


PERCHLORO 
. locations of our plants. 
Per- CHLORINE 
rater AMMONIA 
FERRIC CHLORIDE 


ALUM 


Specialized technical service is immedi- 


ately available without cost, to adapt our 
products to your 


SALT MANUFACTURING COMPANY 


EXECUTIVE OFFICES, WIDENER BLDG., PHILADELPHIA, PA. 
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q BRANCH SALES OFFICES: NEW YORK - CHICAGO - ST. LOUIS - PITTSBURGH - TACOMA - WYANDOTTE 
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PITTSBURGH EQUITABLE METER CoO. 
MERCO NORDSTROM VALVE CO 


MAIN OFTICES PITTSBURGH. PA 
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